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® Intelligent computer Integrated maintenance system and method. 



0 An intelligent computer integrated maintenance 
systetrTJ -and melhpd^n)ay.^feo^used^with_a^9roup_of 
maj^in6S„Which_ require maintenancef^known as a 
bl productlpn lines'e*^^ 
cl wjjich includes nriahy ''productiori'^rhaehines-lor' 
produc1n||~a~pf6duct;~The~inleiligent-computer In- 
legrated maintenancejyj^^^ incjudos an electron- 
ically stored parts manual which coritain sT1u9fS31i - 
cai listing of all parts in the production machines/ 
fhe^Kierarchlcal^nsiirtg contains a complete bill of 
materials which breaks each machine into sut>as- 
semblies and breaks each subassembly Into its sub- 
assemblies down to Jhe level of^individual parts^he 
intelligent computer integrated maintenance system 
also mcludes a' mainteriance operations compuierr 
cdhtrbiler which-tncludes-e-maintenance schedule; 
management subsystem. ..an-- engineering-^change - 
control . subsystem,^a«.parts« manual^rnanagement 
subsystem and a spares inventory management suth^ 
system. The maintenance scheclule management 
subsystem obtains a schedule of actual and planned 



production system and groups maintenance activi* 
ti|g^ order to miriimize^the lost productton time for 
each itdHnhplex.- For examplermaimenance is sched- 
uled lor oN*lino times for each complex if possible. 
Altomativoly, if a number of maintenance tasks are 
scheduled for a short time interval, they may be 
grouped together so that they can be performed 
simultaneously. 

The engineering change control subsystem in- 
tegrates engin%ring~change activities with mainten- 
ance activities to maximize production time. The 
automated parts manual is also updated to account 
for engineering change controls. The Spare parts 
inventory management subsystem orders spare 
pans based on predicted maintenance rather than on 
prescribed inventory levels. Just-in-time parts order- 
ing is thereby facilitated. 

The ^ cofTipniter integrated maintenance systarn 
and method of the present invention atbws main- 
tenance operations to be integrated into 1he.com:- 
ptexes primary activity, such as production, in an 
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intelHgent manner. When used, production efficiency 
is maxinnized as is the use of available maintenance 
manpower. Engineering changes are easily accom- 
modated and spare parts inventory is kept to a 
minimum. 
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Raid ot the Invention 

This invention relates to equipment mainten- 
ance and more particulariy to computer integrated 
maintenance systems and methods. 

Background' of the Invention 

Computer Integrated manufacturing systems 
are widely used in state of the art manufacturing 
operations for controlling the operation of many 
manufacturing or production machines in one or 
morFmanuTacturing plants. The machines may be 
organized Into production lines each ol which may 
produce a particular product. The machines in a 
production line may be functionally interconnected 
so that if one machine is unavailable due to a 
failure or due to maintenance activity, the entire 
production line may be unavailable for production, 
or the production capacity of the line may be 
limited. Computer integrated manufacturing sys- 
tems may be used to control the production ma- 
chines and the flow of materials from one machine 
to another during the course of producing a prod- 
uct: Computer integrated manufacturing systems 
may also be msed to scbed u tejh e, purchasing of 
.gly^gj at er ials i^ cessary for producing a product.' 
and for developing' a master schedule for all the 
rnachinas'in'^order to produce the desired amount 
bf-product at each production line at the. desired 
time. 

In order to increase the production efficiency 
and manufacturing floKibility of large manufacturing 
operations, computer Integrated manufacturing sys- 
tems are now being widely installed and used. 
RQpr^s^ntafve computeTint^gFated manufacturing 
systems are described In U.S. patents 4.346.446 to 
tErbstein et al. eiililled "Management and Analysis 
Sysfem ~ for^ Web Machines and the Like"; 
4,472.783 to Johnstone el~al. entitled "Flexible 
Manufacturing System": 4,457,772 to Hayhes et al. 
entitled "Managenwnt Control System for Forming 
GlassyarjB"; and ,4.803.634 to Ohno. et aj^^pntitled 
*Kp$Juction Process Control System in Newspaper 
.Printing". 

A computer integrated manufacturing system 
which includes multiple levels of computer control 
to organize and disseminate the information for 
controinno.shop ftoor level systems is describe d In 

'?Comp5SH!^^ 

signadlolhelisslgnee'of tha^p^^^ invention, the 
disclosure ol which Is hereby expressly incorpo- 
rated herein by reference. In BeasleV et al.. manu- 
facturing sctieduiing data and data relating to pro- 
cess, product and material specificalions as well as 
bills of material are generated in an upper level 
computer system and refined and downloaded as 



needed to tower tevel computers controIGng the 
shop floor process. The upper level computers are 
capable of communication with the computers on 
the lower levels, and computers on the same level 

5 are capable of communication with each other as 
needed to pass Information back and forth. 

The art has heretofore suggested' adding a 
maintenance module to a computer integrated 
manufacturing system in order to integrate main* 

10 lenance of the production machines into the com- 
puter integrated manufacturing system. For exann- 
pie, the Haynes el al. '772 patent noted above 
discloses a glassware productim control system 
which also provides maintenance infomtation. The 

rs Ohno et al. *634 patent noted above also describes 
a production process 'control computer which in- 
cludes a materials and maintenance control sub- 
system. The materials and maintenance control 
subsysteM^ccntrols _the ^tirning_of parts replacor^ 

20 menl. Thb^mingM^^k^ 

in advance from .the I cumulative Jotal of the"; pre- i 
^icledlif^^onsig^jg^i^^ 
aSnSBlSia vej^^ 

Iplacement Jpr pMs.j The maintenance system in- 

25 eludes a parts list file containing a list of all con- 
sumable parts in the system. The parts list file is 
updated by collecting information on the operation 
of the machine so that residual service lives of 
consumable parts may be calculated. J/\9ion parts 

30 reolacemem.is,neBded.^^jBi ^Quantltv^Qf^oarts^usej 
for replaosnient Is deducted from the stock volume 
in tfie parts inventory file. When the stock volume 
of parts in the parts inventory file becomes smaller 
than at the time of parts ordering, an order form 

35 slip is printed. In other words, a "point of ordering" 
system is provided. A running total of elapsed time 
is computed and compared with the durable 'life of 
parts so that the time and date of actual replace- 
ment can be calculated and a schedule of main- 

40 tenance may thereby be derived. 

The art has recognized the potential advantage 
of providing a computer integrated maintenance 
system for a computer integrated manufacturing 
system. Indeed, for a sophisticated computer in- 

45 tegrated manufacturing system, which controls 
many production machines in many production 
lines in one or more plants, it is almost essential 
that maintenance be controlled and scheduled by 
computer. Unfortunately, heretofore known com- 

50 puter integrated maintenance systems dkl not Intel- 
ligently integrate maintenance into manufacturing. 
For example. In presently available computer in- 
tegrated maintenance systems, the computer may 
schedule a kjw priority, maintenance operation such 

ss as an oil change for one machine in a production 
line even though a major maintenance operation for 
the production line may be taking place a week 
later. Similarly, a "point ot ordering* system for 
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spfe i^pafts may order new parts when the number 
in Invent^»(dQs-t)6lbw the nunnber stored in'tho 
system, even though in reality the machine is 
scheduled to be replaced In the near future. Simi- 
larly, a computer integrated maintenance system 6 
may prescribe a number of maintenance operations 
to be performed at one time even though insuffi- 
cient manpower exists for perlorming all of that 
maintenance at that time. ' 

Accordingly, there is a need for an "intelligent* ro 
computer integreted maintenance system which 
does more than merely schedule malntonanco by 
adding total accumulated hours' and scheduling 
maintenance when the hours 'reach a predeter- 
mined number. An intelligent maintenance system is • 
rnust also do more than merely function as a point 
of order system to order maintenance parts when 
inventory falls below a predetermined number. 

The need for an intelligent computer integrated 
maintenance system has become more pressing as to 
the complexity ,of computer integrated manufacture 
ing systems has increased. As the number of ma- 
chines being controlled and the 'number of stmulta* 
neous manufacturing lines being controlled in- 
creases, it becomes difficult for a human to under- 2s 
stand the overall work flow in sufficient detail to 
Interooently modify .maintenance^iostaictiogs^ey-" 
crated by a computer integrated maintertarice sys- 
temrSimilarlyril is "difficult for humans to assimilate 
all of the maintenance data and intelligently modify 
spare parts ordering instructions generated by a 
point of ordering system. 

Summary of the Invention 

^ • 35 

An intelligeni computer integrated maintenance 
system is provided for usd with a computer in- 
tegrated manufacturing system, where the com- 
puter integrated manufactunng system includes a 
computer controDer for controlling many production 4o 
lines, each of which includesjnany^p^oduction ma- 
chines for producing a particular productrThe~ man- 
ufacturing system computer controller contains an 
electronically stored master schedule file which in- 
cludes a schedule of actual production and planned 43 
production for the pr^luctl^^ nnes so that the irian- 
ufacturing system computer controller controls the 
production machines based upon the planned pro- 
duction in the master schedule file. 

According to the invention, the computer In- so 
tegrated maintenance system Includes an electron- 
ically stored parts mafiualjyhich c ontains a hlerar- T 
chial llsiliT§*5f^'p3ffS*jrWSe^ production " 

rrilcHlnes'^fh the plurality of production tines, the 
eteclfbnically stored parts manual does not merely^ ss 
contain a listing of consumable or mainiehanc^' 
parts. Preferably it contains a complete bill of mV 
terials for each machine in each line. The bill of 



materials is contained in a hierarchlal listing, which 
breaks each machine Into assemblies and breaks 
each assembly into its subassemblies, down to the 
level ol individual parts. Preferably, the electron- 
ically stored parts manual includes corresponding 
image files which illustrate the hierarchlal listing of 
parts at each level. 

The intelligent computer integrated mainten- 
ance eystern also, inclu des^ ia niaintenance oo B r* 
ations ^co i BQuter controller which is connected to 
the^electconicallY, stored parts manual and Is adapt- 

According to the invention, the maintenance oper- 
ations computer controller includes four sub- 
systems: (1) a maintenance schedule iDanagement 
subsystem; (2) an engineering change control sub- 
system; (3) parts manual managements sut^ 
system: and (4) a spares inventory management 
subsystem, ) 

The maintenance schedule managenr>ent sut>- 
system generates a master maintenance schedule. 
The maintenance schedule management sub- 
system obtains a schedule of actual production and 
planned production for all of the production lines 
from the master schedule file. It also interfaces with 
the parts manual management subsystem to iden- 
tity parts in the hierarchial listing to be maintained 
during a predetermined time period, and also iden- 
tifies a corresponding maintenance time during the 
predetermined time period for each identified part 
based upon the obtained schedule of actual pro- 
duction and planned production. 

However, rather than generating maintenance 
jordecs based solely upon the predetermined time 
period calculated for each Identified part, the main- 
tenance schedule management sutxsystem of the 
present invention reassigns the corresponding 
rifiaintenance times for the identified parts based 
upon the hierarchial listing of parts in the electron-^ 
ic^lly^stdrdd parts maniKal, so that bst production 
timeJor.each production line is reduced. A revised 
schedule of planned production, l>ased on the reas- 
signed maintenance times, is then generated and 
communicated back to the master schedule file in 
the computer integrated manufacturing system. Ac- 
cordingly, the plurality of production lines are con- 
trolled based upon the revised schedule of planned 
production to allow tor maintenance activities while 
maximizing production. 

According to the present invention, the main- 
tenance operattons computer does not merely 
schedule maintenance time txased upon the sched* 
ule of actual production and planned production. 
Rather, the maintenance times Identified during a 
predetermined time period are rearranged •t>ased 
upon the hierarchial listing of parts in the electron- 
ically controlled stored parts manual to reduce tost 
production time for each production Gne. For exam- 
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pie. the production schedule for each of the pro- 
duction line is analyzed to determine whether the 
line is scheduled to be offline during a time Interval 
which is sufndenUy close to the calculated main- 
tenance time U> allow maintenance to be postponed $ 
or moved fonward to tho machine offGne time. 

The present invention realizes that production 
and maintenance trath compjete for the use of 
machines, end accordingly sched ul p^s ^honzcr^i line al 
mahte^n arfee ..task s jof machine down times so that lo 
production time is maximized. Similarly, when a 
number of maintonaneo tasks at a production 6ne 
are scheduled for a short timo intorval, the main- 
tenance tasks are grouped together so tiial they 
may all be performed simultaneously. For example, is 
• a most critical maintenance task may be identified 
and all other maintenance tasks for the line may t)e 
scheduled to be peHormed at the same timo as the 
critical maintenance tasks. Down time is thereby 
minimized. 20 

According (0 another aspect of the Invention, 
after a revised maintenance schedule is calculated, 
the manpower requirement for pertorming the 
maintenance is calculated. If the manpower re- 
quirement exceeds the avaitable manpower, the zs 

I maintenance tasks are rescheduled in a hierarchy. 
ofvirDp^jpcei/criticalityr'SO that a^grouri' of'^taiiks 
may tM performed with the available.manpQwer. 

The intelligent computer integrated mainten- 
ance system also inteirigently schedules mainten- 30 
ance at the end of the machine life. In partcutar. an 
Indication is provided to the computer integrated 
maintenarice system when a machine is reaching 
the end of its useful life, either because the ma- 
chine is worn out or because the machine is 35 
scheduled to N f^pt^ced or modified in. §n up- 
grade. The intelligent connputer integrated main- 
tenance system postpones selected maintenance 

activity on machines which are scheduled to be 

taken out of sen/ice in the near future. 40 
The intelligent computer integrated mainten- 

I ance system ol the present invention also allows 
iterative maintenance operations planning to be 
perfbrnTed.' For' exampleT'strategtc planning of 
maintenance operations for a multi-year period 4S 
may be performed in order to determine manpower 
requirements, spare parts requirements, and actual 
production capabilities which include maintenance 
time, fviaintenance operations planning may also be 
performed for intermediate range periods such as a so 
yearly period In order to determine pans ordering 
requirements, manpower availability and the tike. 
Then, maintenance operations planning may be 
performed for a short range period such as daily, in 
ader lo generate daily maintenance schedules. S6 
Accordingly, maintenance operations planning may 
be perfonned in tong-range. intermediate range 
and short-term iterations. 



As described above, the intelligent computer 
integrated maintenance system of the present in- 
vention also Includes a parts manual management 
subsystem which controls a parts manual file. The 
parts manual file contains a complete bin of materi- 
als for each production machlno. The efectronicalty 
stored parts manual fite does not merely include 
consumables or maintenance parts. Rather, it in- 
cludes all parts In the machine in a hierarchial 
Usting.jjgrtg^^^^i^^^ 
a«complete«subsj^m desc^^^^ of die 'machme 
iis^available. Preferably, an electronically stored im- 
age of each level is also stored with the Psting of 
parts so that maintenance parts can be identined 
and repairs are simplifted. According to the inven- 
tion, all parts in the hierarchical listing are cate- 
gorized ^as .^.^er^ Jp£Q5iinil6i^^-»J!fJ^Jfe^^^^^ 
"generic* or "non-stocked". Consumable parts are 
those fdr'litfhidr spare parts planning is based on 
the number of hours used. For replaceable parts, 
the mean-time to failure rate versus the actual run 
time determines the maintenance schedule. For 
generic parts such as screws. bu!k inventory is 
maintained and a point of ordering system Is used. 
Finally non-stocked parts, which are typically not 
nuintenance parts, are typically not stocked and 
are not ordered until actually needed. 

The electronically stored parts manual file may 
include more than one part number for each part in 
the system. In particular, each part may include a 
"generic parts identifier* or "international part 
code* to indicate that a generic, often less expen- 
sive irvdustry standard part may be used instead of 
the manufacturer's specified part number. Also, a 
'substitute part number" may be used to Indicate 
that more than one part may be used in the par- 
ticular maintenance operation. Also a "changed 
part number" may be used to indicate that as of a 
certain date, or other change criteria a revised part 
number should be used as part of an "engineering 
change control" procedure described below. The 
electronically stored parts manual may be down- 
loaded to local computers associated with each 
production machine so that a hierarchical descrip- 
tion of each associated production machine may 
be found in its associated computer. The electron- 
ically stored parts manual may also be included in 
a personal computer, on CO-ROtvi or other storage 
means. The electronically stored parts manual may 
be included in the same computer as the intelligent 
computer integrated maintenance system, or In a 
separate computer therefrom. 

The spare parts Inventory management sub- 
system of the intelligent computer Integrated main- 
tenance system allows ordering ol spare parts 
based on predicted maintenance, rather than on 
thia prescribed inventory levels. Spare parts bud- 
geting is also accommodated. According to the 



7 



EP0467 257A2 



6 



invention, generic parts are ordered using a con- 
ventional order point system when the Inventory 
quantities fall below a predetermined order point 
For rep1aceat)l8 parts, Jhowever, the parts require- 
"mi^ts^are calculated based oh time phased manu- 
lecturing requirements and mean-times to laiture. 
The automated parts manual file is used to extend 
Q the production plan to parts replacement A re- 
quirement Is generated to replace a part in the 
week that il will exceed its mean-time to failure, 
and order forms for tlie parts are genorated. or the 
parts m^y be ordered electronically. 

The engineering change control management 
subsystem interface.s with an engineeririg change 
control file in the computer integrated manufactur- 
ing systern in order to intelligently accommodate 
engineering changes. The engineering change con- 
trol file indicates engineering changes to be made 
in the production machines in order to upgrade the 
machines or reconfigure the production machines 
to produce new products. This schedule of en- 
gineering changes is integrated into the mainten- 
ance schedule management subsystem, the parts 
manual management subsystem and the spares 
inventory management subsystem. For example, at 
the end of a machine's useful life, scheduled main- 
tenance is .postponed or eliminated. Similarly, 
maintenance parts are not ordered for these ma- 
chines even though inventory falls below a pre- 
determined level, to allow for depletion of Inventory 
when the machirie is taken off line. According to 
the invention, engineering changes may be phased 
into maintenance operation by controlling the 
phasenn by a specified date, by a specified spare 
parts inventory level or by assigning engineering 
changes to be made by a specific maintenance 
request. 

The computer integrated maintenance system 
and method joi the present invention allows main- 
tenance operalk)ns to be integrated into production 
in an intelligent manner. When used, production 
efficiency is maximized as is the use of available 
maintenance manpower. Engineering changes and 
machine upgrades are easily accommodated and 
spare parts inventory is kept at a minimum with 
minimum waste of spare parts. 

The computer integrated maintenance system 
and method of the present invention need not be 
used in a production line environment as described 
above. Indeed, the computer integrated mainten- 
ance system and method of the present invention 
need not t>e used In connection with a computer 
integrated manufacturing system, or in connection 
with manufacturing at all. The computer integrated 
manufacturing system and method of the present 
invention may be used In connection with any 
collection of machines or apparatus which are used 
to perform a primary or main function and also 



require maintenance. Such a collection of machines * 
will be referred to herein as a 'complex*. 

A "complex", according to the present Inven- 
tion, may include a production fine as described 

5 above. A complex may also include a plurality of 
independent machines which are not structurally or 
functionally interconnected in a production 4ine. For 
exampla, the present invention may be used to 
control mathtenance in e machine shop having 

10 many independent machine tools. 

A "complex*, according to the present inven- 
tion, may also include machines which are not 
related to production or manufacturing at an. For 
example, an airplane or automobile fleet operated 

?6 by an airiina, car rental agency, corporatkm or 
govemment agency is a complex, according to the 
present invention, because' the airplanes or auto- 
mobiles have a primary function but also have 
maintenance requirements. Similarly, a building 

20 may include a bank of elevators which also have 
nnaintenance requirements. The present invention 
may be used to intelligently control airplane, auto- 
mobile or elevator maintenance, consistent with the 
primary function. 

29 

Brief Descripfion of the Drawings 

Figure 1 is a schematic block diagram of the 
intelligent computer integrated nnatnteruince system 

30 of the present invention. 

Figure 2 is a btock diagram illustrating the 
results of planning and scheduling of maintenance 
operations by the maintenance schedule manage- 
ment subsystem of Figure 1. 

35 Figure 3 illustrates a schematic example of the 
parts manual file of Rgure 1. 

Figure 4 illustrates an example of the engineer- 
ing change control process according to the 
present Invention. 

40 Figure 5 is a bbck diagram of the maintenance 
schedule management subsystem of Figure 1. 

Rgure 6 illustrates the operations performed by 
the maintenance schedule management subsystem 
of Rgure 5 for long-range maintenance planning. 

45 Figure 7A-7C illustrates the operations per* 
fonned by the maintenance schedule management 
subsystem ol Figure 5 for yearly maintenance 
planning. 

Figures 8A-80 illustrate an example of the op- 
50 orations of Rgure 7. ~ 

Rgure 8 Illustrates the operations performed by 
the maintenance schedule management subsystem 
ol Rgure 5 for daily nralntenance scheduling. 

Rgures 10A-10D Illustrate Ute hierarchical list- 
65 ing ol the parts manual lile of Figure 1 . 

Rgure 11 illustrates the operations performed 
by Ihe engineering change control management 
subsystem of Figure 1. 
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Rgures 12>14 illusuate an example of updating 
the parts manual file during the operations of Rg- 
ure II. 

Rgure 15 illustrates the layout ol the parts 
•master lite according to the present invention. 

Rgure 16 illustrates the layout ol a parts list file 
according to the present invenfa'on. 

Rgure 17 iDustratos the layout of an engineer- 
ing change notice file according to the present 
invk>tion. 

Rgures 18-22 illustrate an example of changes 
made to the parts manual file during the operations 
of figure 11. . j 

Rgures 23 and 24 illustrate the operations per* 
formed by the engineering change control manage- 
< ment subsystem of Figure 1 to accomplish the 
changes illustrated in Rgures 18-22. 

Rgure 25 illustrates the steps in updating the 
parts list 

Rgure 26 illustrates an example of an active 
parts list according to the present invention. 

Rgure 27 illustrates the pperations performed 
to close an engineering change number according 
to the present invention. 

' Rgure 28 illustrates the overall spare parts 
planning cycle according to the present invention. 

Rgure 29 illustrates another example of the 
automated parts manual of the present invention. 
' Rgure 30 iDustrates the cfetailed operations to 
calculate the time phase replenishments of Rgure 
28. 

Rgures 31-33 illusuate an example of the oper- 
ations of Rgure 30. 

Description of a Prefenred Embodiment 

The present invention now will be described 
more fully hereinafter with reference to the accom- 
panying drawings, in which a preferred emt)0di- 
ment of the invention is shown. This invention may, 
however, be embodied in many different forms and 
should not be construed as limited to the embodi- 
, ment set forth herein; rather, this embodiment Is 
provided so that this disclosure will be thorough 
and complete, and will fully convey the scope of 
the invention to those skilled in the art. Like num- 
bers refer to Uke elements throughout. 

INTRODUCTION AND OVERVIEW 

Referring now to Rgure 1, the overall design 
and operation of an Intelligent computer integrated 
maintenance system 1 according to the present 
invention will now be described. The Intelligent 
computer intograted maintenance system of Rgure 
1 is designed to operate in conjunction with a 
computer integrated manufacturing system 10. 
which includes a manufacturing operations coritrol- 



ler 11. However, it will be understood by those 
having skill In the art that.the system of the present 
invention may be used to control maintenance in 
any 'complex*, defined as a collection of machines 
5 having a primary function and maintenance require- 
ments. In the preferred embodiment described 
herein, the complex Is a- plurality of production 
lines. 

The intelligent computer integrated mainten- 

10 ance system 1 of the present invention may op- 
erate in combination with the computer integrated 
manufacturing system 10 de5crit)ed in U.S. Patent 
4,827,423 to Beasiey et al.. assigned to the as- 
signee of the present invention, the disclosure of 

16 which is hereby incorporated heroin by reference. 
The Beasiey et al. patent describes the detailed 
design and operation of computer integrated manu- 
facturing system 10. In particular, the design of 
manufacturing operations controller 11. correspond- 
so ing to "Level 111* and "Level IV" computers, is 
described in detail in the Beasiey et al. patent and 
will not be described in detail therein. 

IVlanufactuiing operations controller 11 gener- 
ates a master production schedule file 13. cor- 

25 responding to the "scheduling system" and "plant 
scheduling system' in the Level IV and Level 111 
computer systems of the Beasiey et al. patent. 
Manufacturing operations controller 11 also gen- 
erates an engineering change control file 12 cor- 

30 responding to the "change order file* in the 
Beasiey et al. patent. It will also be understood by 
those having skill In the art that engineering 
changes control file, which is generated separate 
from the manufacturing operations controller, may 

95 also be provided. 

Manufacturing operatioris controller 11 is de- 
signed to control a plurality of prbducttoh com- 
plexes. In Rgure 1. complexes 14An«14N may 
each be thought of as a production line which 

40 includes a plurality of. production machines 
15A^15N, 16A...16N for producing an intermediate 
or finished product. As shown in Figure i, the 
compt6x*s machines are functionally interconnected 
so that if one machine in the complex is unavaii- 

4S able due to a failure or due to maintenance activity, 
the entire complex is unavailable for production, or 
the production capacity of the complex is limited. 

The intelligent computer integrated mainten- 
ance system 1 of the present invention includes a 

50 maintenance operations computer controller 2 hav- 
ing tour subsystems therein. These subsystems 
are the maintenance schedule management sub- 
system 3. the engineering change control manage- 
ment subsystem 4, the parts manual rnanagement 

55 subsystem S and the spares inventory manage- 
ment subsystem 6. Each of these subsystems will 
be described in detail below. Their operation may 
be summarized as follows: 
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Maintenance schedule subsystem 3 obtains a 
schedule of actual production and planned produc- 
tion for the complexes from the master production 
schedule file 13. Parts to be maintained during a 
predetermined Jime period and a predetermined 
maintenance time during the predetermined time 
period for each part are identified, based upon the 
obtained schedule. The maintenance schedule 
management subsystem produces a reassigned 
planned production schedule and provides this 
schedule to master production schedule file 13. 

Engineering change control management sys- 
tem 4 iniDorporatos tho cnginooring changes whlcii 
are included in engineenng change control file 12 
into the maintenance schedule. Accordingly, main- 
tenance of existing production machines is intel- 
ligently scheduled based on future engineering . 
changes for the production macl^es. 

Parts manual management subsystem 5 is de- 
signed to operate with an electronically stored 
parts manual file 7 which contains a hierarchical 
listing of all pans in the production machines in the 
complexes. The parts listing does not merely In- 
clude maintenance or consumable parts: it includes 
a complete bill of materials for each production 
machme. Preferably, accompanying each bill of 
materials Is an Image of the associated bill of 
materials. For a typical machine 5-6 levels of ma- 
terials are provided with the highest level being the 
part number for the entire machine, and the lowest 
level being the lowest replaceable part level for the 
machine. 

The parts manual file 7 enables the main- 
tenance schedule management subsystem 3 to tie 
together maintenance events scheduled for differ- 
ent parts of a particular production machine in a 
complex, so thai maintenance operations for a 
complex are intelligently grouped together to re- 
duce, and preferably to minimize; downtime of a 
complex. The parts manual management system 5 
also interfaces with the engineering change control 
managenrtent system 4 so that an accurate parts 
manual file incorporating engineering change con- 
trols may be maintained. 

Spares inventory martagement subsystenri 6 is 
designed^(^''6perate with a spares inventory file 8 
to manage ordering and inventory of spare parts. 
Spares inventory management system cooperates 
with the pans manual management subsystem 5 
and the engineering change control management 
system 4 so that spare parts are ordered based 
upon an accurate lisi of parts in the parts manual 
file. When possible, generic or substitute parts are 
ordered rather than manulacture-specific parts. Fur- 
thennore, inventory management takes into ac- 
count expected engineering changes so that un- 
usable spare parts inventory is minimized. The 
spares inventory management subsystem 6 gerv 



erates orders for pans based upon the malntetv ' 
ance schedule generated by maintenance schedule / 
management subsystem 3. Generic parts are typi- | 
caUy ordered using a point of order system in I 

5 which addiBonal quantities of parts are ordered I 
when the quantity on hand is less than a predefirv 
. ed number, in contrast, rumgenaric parts* are or- 
dered on a one-by-one basis based on the ex- 
pected maintenance to be pertormed. Accordingly. 

to inventory of these parts is minimized. 

(t wia be imderstood by those having skill in 
the art that maintenance operations computer corv 
troiler 2 is preferably implemented by a computer 
program running on a stored program computer, 

15 with subsystems 3, 4, 6 and 6 being modules 
which run on the maintenartce operations conV' . 
puter. However, it will also be understood by those 
having stciQ in the art that each of subsystems 3. 4. 
5. and 6 may run on a separate computer, inter- 

70 connected using a common data bus. Parts martual 
file 7 and spares inventory file typically are files on 
a magnetic or optical storage, systems or other 
well-known non-volatile storage means. It will also 
be understood by those having skill in the art that 

25 the intelligent computer integrated maintenance 
system 1 may be implemented on a single com- 
puter system with computer Integrated manufactur- 
ing system 10' in an integrated computer integfiaited 
manufacturing/maintenance system. For multiple 

30 complexes the maintenance operations computer 
controller 2 is typically implemented using a mairv 
frame computer such as an IBM 3090. However, 
one or more personal computers may also be used 
' for one or more of the subsystems or the entire ' 

35 maintenance system. 

The detailed hardware and software design of 
the inteingent computer integrated maintenance 
system of the present invention will depend on the 

— number and complexity of complexes being con- 

40 trolled, the number of hjnctions desired, the avail- 
able computer resources, and a number of other 
factors welt known to those having skiD in the art. 
The following description of the intelligent com- 
puter integrated maintenarK^e system will enable 

45 those skilled in the art to implement a system 
which can be integrated with known connputer in- 
tegrated manulacturing systems. 

OVERVIEW: MAIf^iTENANCE SCHEDULE MAU- 
SO AGEMENT SUBSYSTEM 3 

An ovennew of the operation of the mainten- 
ance schedule management subsystem 3 (Figure 
1) will now be described. Maintenance operations 
55 fall into two categories: planned and unplanned 
(emergency). Unplanned emergencies occur when 
a machine breaks down or is producing poor qual- 
ity products. One feature of the present invention is 
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that unplanned maintenance operations may be 
entered into the systen\, and planned maintenance 
operations which are schaduied to occur within a 
predetermined time period of the unplanned main- 
tenance may tie implemented during the unplan- 
ned mainlertance. In other words, when the com* 
plex is unavailable for production due to an unplan- 
ned maintenance activity, planned maintenance 
which can be accomplished simultaneously is also 
perfomned, so that the complex need not be taken 
oH Gne a second time a short time later to perform 
planned maintenance operations. 

Planned maintenance may be "time depen- 
dent", such as an oil change every thres months 
regardless of hours used; or "usage dependent" 
based upon actual run hours, such as a visual 
inspection performed every fifteen hundred produc* 
tion hours. One other fonm of planned maintenance 
is a (Maintenance Improvement Committee (MIC) 
directive which is a major event such as a machine 
upgrade. 

The maintenance schedule management sub- 
system 3 controls time dependent events using a 
regularly scheduled (RS) maintenance file in the 
maintenance operations computer controller 2. An 
RS record is established for each production ma- 
chine and the time interval for a maintenartce op* 
eration Is coded in the RS record. This information 
is used to time-phase future time dependent 
events. 

Usage dependent events are controlled by the 
master maintenance schedule file 13. Actual run 
hours are maintained by complex. Future ojn hours 
are derived by accumulating the planned run hours 
by complex based on the planned schedule. This 
information is used to determine the tirning of fu- 
ture usage dependent maintenance events. 

Maintenance Improvement Committee (MIC) 
directives are events developed by the engineering 
maintenance improvement committee. These direc- 
tives include items such as machine conversions to 
produce different products, machine upgrades, pre- 
ventative maintenance trials, machine overhauls or 
machine retocations. Maintenance improvement 
committee directives are established by entering a 
planned maintenance request in the maintenance 
operation's computer controller. Planned mainten- 
ance requests are used to time-phase future main- 
tenance improvement committee directives. 

It will be understood by those having skill in 
the art that the complex is the common denomina- 
tor between maintenance and production, tn the 
embodiment of Figure 1. when maintenance is per- 
formed on a piece of equipment in a complex, the 
entire complex is inoperative. According to the 
invention, all planned maintenance operations are 
grouped by complex. Each production machine 
within a complex may have a different time-phased 



maintenance operation to perform. According to the 
Invention, to minimize complex down time, these 
operations are coordinated so that multiple mmn- 
tenance operations are performed simultaneously. 

s For example, one machine in a complex may be 
due for maintenance on a particular Monday while 
another machine in the same complex' may have 
time-phased preventative maintenance due on the 
following Wednesday. According to the invention. 

10 both maintenance events are rescheduled based 
upon the most critical , mairitenance to be per- 
formed. * • 

Awork plan stating the etepe to be performed 
for each Iplarihed 'maintenance operation is created 

rs by the rhalntonanco schedule management sub- 
system. Time-phased events are extended by the 
work plan to calculate the man hours, by labor 
grade and machine hour down time required to 
perform each task. The time-phase man hours are 

20 then compared to the man hours available for each 
week. Man hours available can be defined as the 
total maintenance hours (maintenance staff multi- 
plied by the hoijrs of the week) minus the time 
resen/ed for unplanned or emergency mainten- 

2S ance. For example. If ten employees perfornrt full 
time maintenance activities and there are 40 hours 
in a week, then there are 400 total maintenance, 
hours available per week. If a 40% contingency is 
reseived for unplanned maintenance, then 160 of 

39 • the 400 hours represent unplanned hours and 240 
hours may be dedicated for planned events. 

Time-phased planned events are then re- 
scheduled based on the criticality of the event aod 
production requirements and the following activities 
3S take place: the complex is scheduled for down time 
so that the plaruied maintenance operation can be 
perfonned. The maintenance schedule is passed to 
the master production schedule file and the com- 
plex is removed from the available production ac- 

40 tivity. The maintenance request is downloaded to 
the computer at the complex. (The computer at the 
complex is described in the above mentioned 
Beasley et al. patent.) Maintenance requests are 
also used to record unplanned or emergency maln- 

45 tenance operatkwis. Planned maintenance events 
may be performed when the nrmchine. is down for 
unplanned/emergency repair. Overall complex 
availability may be improved according to the in- 
vention by performing the planned maintenance 

50 while the complex is dowr). The time-phased 
planned maintenance rT>an hours phiS the man 
hours resented for unplanned maintenance activi- 
ties are extended by the hourly rate to calculate 
the annual maintenance budget. 

55 Figure 2 illustrates the results of planning and 
scheduling of maintenance operations by the main- 
tenance schedule management subsystem 3. As 
shown in Rgure 2. the time dependent mainten- 
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ance requirements are calculated in terms of both 
man hours and machine hours on a per week 
basis. The usage dependent man hours and ma- 
chine hours are also calculated based on the mas- 
ter production schedule file 13. Maintenance Im* 
provement Committee directive changes are also 
calculated in terms of man hours and machine 
hours. Then, the total capacity required in terms of 
man hours and machine hours ' is calculated for 
each (week. The total capacity required is then 
compared to the hours available. It will be under- 
stood that the total hours include a 40% reserve for 
unplanned maintenance. Subtracting the hours re- 
served for unplanned maintenance yields the re- 
maining hours whk:h can be scheduled. As shown 
'tr\ Figure 2. it is assumed that id man hours and 
10 machine hours are available for planned main- 
tenance. It will be seen that week one includes a 
one man hour capacity shortage, week four pro- 
duces a seven man hour and two machirw hour 
shortage, and week twenty-six produces a ten man 
hour and seven machine hour shortage. 

Then, aocorcfing to the invention, the main- 
tenance requests are rescheduled in such a way 
that the man hours and machine hours are re- 
scheduled to accommodate these shortages. Ex- 
amples of "Rescheduling Operations" are lllustrat; 
ed in Figure 2. In operation (a), four hours of man 
hour capacity shortage in week four are moved to 
week three. In operation (b). one hour of man hour 
capacity in week one is moved to week two atong 
with the three remaining hours of the shortage from 
week four. In operation (c). two hours of machine 
hour shortage Is moved from week four to week 
three. In operation (d). six hours of man hour ca- 
pacity shortage in week twenty-six are moved to 
week twenty-five. In operation (e), four hours of 
man hour capacity shortage in week twenty-six are 
moved to week twenty-eight In operation (f), six 
hours of macNne hour capacity shortage in week 
twenty-six are moved to week twenty-five, finally, 
in operation (g), one hour of the machine hour 
capacity shortage in week twenty-six is moved to 
week twenty-seven, and the due dates in all main- 
tenance requests are changed to match the re- 
scheduled times. Acconlingly, by rearranging the 
maintenance events, alt planned maintenance and 
production can be aooommodatad with the avail- 
able resources. 

OVERVIEW: PARTS ' MANUAL MANAGEMENT 
SUBSYSTEMS 

Equipment vendors typically provide a parts 
manual lor each piece of equipment they sell. The 
parts manual contains engineering drawings and 
parts lists of all components used in the equipment 
and describe how the equipment is assembled. 



When maintenance is performed or engineering 
changes are planned, the parts manual provides 
essential reference information. 

The parts manual file 7 (Figure 1) of the. 

5 present invention Is a bill of material representation 
of the vendor's parts manual. The parts manual Tile 
organizes all vendor part manuals for a particular 
complex. This pro^des a nruiKi-levat bill of nnaterial 
for the equipment in each complex. f=igure Z pro- 

10 vides an example of a parts manual file for a 
complex denoted 96-4A-1. 

Referring to Rgure 3 it will be noted that all 
parts that comprise a piece of equipment are main- 
tained in the parts manual file, not merely those 

IS parts which are consumables or maintenance parts. 
Accordingly, ttie parts manual file contains a hierar- 
chical Ssting of all parts in each machine In the 
plurality of production complexes. As will be de- 
scribed below, each level of parts in the parts 

20 manual file is preferably accompanied by a graphic 
image illustration of the Interrelation of those parts. 

All of the parts that comprise a piece of equip- 
ment, and which are Included in the parts manual 
file, may be divided into four categories: consum- 

2S able, replaceable, generic, and non-stocked. Con- 
sumable parts are those which are consumed by 
the production prpcess but not maintained on a list 
of materials required to produce a product. Some 
examples indude printing dies, tape belts and cut- 
so ting blades. Because parts of this type must be 
replaced when they wear out or are used up, they 
are fisted as component Items in the parts manual 
file. According to the Invention, spare parts plan- 
ning for consumable parts is based on future mn 

OS hours as determined by the maintenance schedule 
management subsystem 3. For example, tape belts 
are replaced at the beginning of each production 
shift. Therefore, each scheduled complex must 
have a set of tape belts for each production shift 

40 scheduled. The total number of tape belts required 
to support the planned schedule provides the num- 
ber of belts required each day, week or month. 

Replaceable parts are those which have an 
extended life but are subject to wear or failure. 

45 Examples include fans, motors, shafts and drives. 
These items have a mean-time failure rate which is 
initially provided by the machine vendor, who Is 
normally the supplier of replacement parts. Accord- 
ing to the invention, actual run hours and future run 

50 hours for these parts are determined from the 
master production schedule file and compared to 
the mean-time failure rate to detennine projected 
parts replacement. When these parts are replaced, 
the actual run hours are set to zero and the accu- 

55 mutation cycle begins again. The replaceable part 
information (including for example, complex equip- 
ment number, maintenance request number, accu- 
mulated hours and other pertineni data) is saved in 

10 . . 
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a pans history file described betow. Statistical ana> 
{ysis is applied to review the mean-time (allure rate 
for the part in this complex. If a vendor suppHed 
mean-time failure rate is available, it is reviewed 
and modlHed when necessary. When no vendor 
supplied rate is available, a historical mean-time 
failure rate will be calculated based on parts history 
Information. The pahs manual file also provides 
information on replacement pails which are still 
under warranty by the vendor. The vendor's- war- 
ranty date and/or warranty hours are maintained for 
the warranty comparison. 

Generic parts are those, which are used by 
many machines and include such items as nuts, 
bolts and washers. These parts are maintained in 
■ bulk and issued as required. These Hems are car- 
ried in the parts manual file for reference. 

Non*stocked parts include the machine frames, 
doors, and other items which ' are not likely to 
require replacement due to failure or maintenance. 
These items are carried in the parts manual file for 
reference. 

The vendor's supplied engineering drawings, or 
"exploded views', are stored as graphic images on 
magnetic or other media linked to the correspond- 
ing parts lists in the parts manual file. This enables 
a repairer or maintainor to request the p^rts list for 
a particular drawing, or request the drawing for a 
particular parts list. 

The part number listing in the parts manual file 
also cross-references the vendor part number to an 
internal company part number, spares inventory 
system part number and an industry standard part 
number lor-generic parts or other parts where 
possible. In addition, the parts manual file can 
display multi-level parts listings, 'part where used' 
infomiation, summarized parts listings and engi- 
neering drawing and^or component parts associ- 
ated with a pending engineering change notice. 
The parts manual Hie 7 is maintained in a central 
location and may be distributed. A copy may be 
provided lor each complex containing only those 
production machines in the particular configuration 
found in that complex. This copy may be contained 
in a remotely accessible personal computer having 
a CD-ROM. 

It will be understood by those having skill In 
the art that under certain circumstances it may be 
necessary to procure replacement parts prior to the 
modification of the parts manual file. For example, 
in an efficiency upgrade program, replacement 
parts may be identified for the Improvement before 
the sequence in which complexes are to be modi- 
fied has been determined. Another example Is 
when an improvement kit has been obtained but 
the engineering drawing is not yet available. In both 
cases 'Planning Bills of Material' provide a meth- 
od of identifying the replacement parts and timing 



associated with an improvement program. The en- 
gineering department can create a planning bill for 
engineering changes without modifying the parts 
manual file. 

s The planning bill Is used to evaluate machine 
modifications and plan for the stocking of new 
machine parts. For example. if a machine upgrade 
requires that -fifty new parts are to replace forty 
existing parts on various locations of the machine. 

10 a planning bill listing the fifty new parts and the 
forty oM parts is created. Tlie plan may be costed 
and several implen^entation plans may be pro- 
posed. The planning bill may be used to schedule 
the tnme-phased parts delivery. Obsolete parts, l.e. 

16 those which are to be replaced, are phased out 
according to the planning bill. The actual imple- 
mentation of the project is done through the parts 
manual file under engineering change control as 
described t^elow. The planning bill is removed 

30 upon completion of the project. 

OVERVIBV: ENGlNEERiNQ CHANGE CONTROL 
MANA6EMENT^DBgY5TgM" 4 

25 The Engineering Change Control Management 
Subsystem 4 (Figure 1) maintains the parts manual 
file 7 using engineering change control procedures. 
Engineering drawings and parts lists are added, 
changed or deleted from the parts manual file 

30 based upon one of the "effectivity" control tech- 
niques described betow. 

The most commonly used effectivity control 
technique is a 'specified date', for example: on 
April 15th. part A wrill be replaced by part B. 

36 Another effectivity control technique is "spare parts 
inventory use-up'. With this technique. parX B is 
issued when part A is no longer available. ECN 
control will ensure that part A is no longer ordered. 
Effectivity control can also .be tied to a main- 

40 tenance request 'serial number'. When this tech- 
nique is used a particular change is implemented 
beginning with the maintenance request number 
specified and then applied to all subsequent main- 
tenance requests. 

45 Engineering change control is the communica- 
tion of equipment changes to the production ftoor. 
When equipment changes are required, the parts 
martual file is updated by inserting, changing or 
removing drawings and/or parts. The engineering 

50 change control process is completed wtien the 
required changes have been Implemented and the 
maintenance request associated with the modifica- 
tion is complete. 

The engineering control process is Illustrated in 

55 Figure 4. As shown in Rgure 4, part A in complex 
88-4A-1 is to be replaced by part B under en- 
gineering change control No. 123. Maintenance re- 
quest number XXX is performed by issuing part B 
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from spare parts irtventory to comptex 86'4A'1. 
When maintenance request number XXX is closed, 
1^. the work is completed, engineering change 
control number 123 is also closed and the parts 
manual file is updated to reflect the implementation 
ol engineering change control number 123. Up- 
dates to the parts manual file, including a bill of 
material and an image of the drawings, are trans- 
mitted to the plant wtdch includes the machine 
which has been updated. 



OyEBgjgff: ^ SPARES 
MENT SUBSYSTEM 6 



INVENTORY MAI4AGE- 



The Spares Inventory Management Subsystem 
6 controls the ordering of spzie parts. According to 
the invention, generic Items such as nuts, bolts and 
washers, are reordered using a typical "order 
point' technique, tn other words, when the quantity 
on hand falls teUm a predetermined order point, a 
replacement order is gerierated for a standard or* 
dar quantity. 

Replaceable parts are managed using time* 
phased requirement techniques. The planning cy- 
cle consists of three steps. First, the time-phase 
parts requirements are calculated. These require- 
ments come from three sources: parts required to 
support time*phased mainlenance requests, parts 
defined on planning bills and anticipated parts re- 
placement due to parts exceeding the mean-time 
failure rate. Anticipated parts replacement takes the 
current producfion plan for each complex and ex- 
tends the plan through the hierarchical description 
in the automated parts manual. The planned run 
hours for each week are added to the actual run 
hours. A requirement is then created to replace the- 
part during the- week in which it will' exceed the 
mean-time failure rate and the accumulated run 
hours are set to zero for that week. This yieUs the 
anticipated replacement requirements of all com- 
plexes which is summed to derive the total time- 
phased replacement requirements for the part The 
time-phased requirements consumes the on-hand 
inventory until it Is depleted. Spare parts used to 
support unplanned maintenance are removed from 
the on-hand Inventory when the spare parts are 
issued. Replacement of these spare parts may 
cause the system to order them sooner than 
originally planned. 

Finally, a replacement order Is aeated tor each 
week In which requirements exceed the on-hand 
balance, or safety stock. It one Is maintained. The 
replacement order may be released to the supplier 
a predetermined number of days prior to when the 
part is required, based upon the lead-lime that the 
vendor requires to ship the part. All spare parts 
required to support the maintenance requests, 
planning bills and replacement parts are combined 



to detenmine the total amount to be ordered for 
each spare part The system may also generate 
paper order forms for the parts, or may etectron- 
icalty order the parts. 

5 When the- parts manual file of the present in* 
vention is used, a repairer can enter a specific 
complex number and page down through the hier- 
archical lisbng of parts until the proper parts draw- 
ing is displayed. When the. repairer selects the 

ro parts he needs, the computer can convert the 
selection into a spare parts inve.ntory system nuno- 
ber and display^ the quamity^that is currently avail- 
able in inventory at the repairer's plant. H the 
quantity available meets the requirements, the re- 

16 pairer can have the parts issued imnnediately and 
applied to the mainijtenance request. When the - 
quantity is Insufficient, the repairer can request 
additional parts from the central parts supply or 
another plant and allocate those parts to the appro- 

20 pnate maintenance request. When the parts are 
Iransfen^ed. they are issued to that maintenance 
request. 

It should be noted that according to the inven- 
tion, the repairer will be allowed to access the parts 
25 manual file at any one of the hierarchical levels. 
Accordingly, for example, if the repairer knows the 
machine number, he can enter that number and 
begin paging at that point in the parts manual file. 
In addition, part drawings can be printed. 

so 

bETAlLED OPERATION: MAINTENANCE SCHED- 
ULE MANAGEMENT SUBSYSTEM 3 

The Maintenance Schedule Management Sub- ' 

35 system 3 (Figure 1) integrates the master produc- 
tion schedule in the Master Production Schedule 
File 13 with the maintenance requirements for the 
complexes to thereby produce a Revised Master 
Production Schedule File and a Master Mainten- 

40 ance Schedule RIe 9. The result of this integration 
is a comprehensive schedule for all activity per- 
fornned on a complex. An activity can be the pro- 
duction of an item, or a regularly scheduled main- 
tenance operation. The Manufacturing Operations 

4S Controller 11 operates upon the Master Productun 
Schedule File 13 to generate a schedule for each 
comptex which will meet the production require- 
ments within the complex capacity available. The 
Maintenance Schedule Management Subsystem 3 

so generates a Master Maintenanpe Schedule File 9 
which includes a maintenance plan for each com- 
plex to support the master production schedule. 

Referring now to Figure 5. the Maintenance 
Schedule Management Subsystem 3 operates in 

55 three time-phases. Rrst, long range maintenance 
planning for equipment procurement and configura- 
tion modifications is performed at Btock 20. Then, 
maintenance planning and budgeting for the our- 
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rent year are performed at Block 21. The last 
phase Is the scheduling of the daity maintenance 
activity. Block 22. Each of these phases will t>9 
described in detail batow. 

Long Range Maintenance Planning 20 

The Maintenance Schedule Management Sut>- 
system function begins with long range mainten- 
ance planning. The operations performed for' long 
range maintenance planning 20 are described In 
Rgure.6. Long range planning 'may be performed 
In quarters for a one to ten year planning horizon. 
The strategic business plan is obtained (Block 26) 
and the current complex capacity is obtained for a 
first complex (Blocl< 26). The rated complex capac- 
ity at 100 percent is a function of the speed, daily 
production hours and the number of production 
days in the quarter. This capacity is modified by 
applying an efficiency rate and utilixation rate. The 
efficiency rale is used to reduce capadty to ac- 
count for product set-ups. minor operating adjust- 
ments and special runs. The utilizatton rate re- 
serves capacity for overhauls, modifications and 
other-maintenance functions. 

The comparison is performed at Block 29 by 
assigning each product to the complexes which 
can produce that product, unbl all products are 
scheduled (Block 27). It will be uiuterstood by 
those having skill In the art that multiple products 
may typically be produced on various complexes. 
Based on the priority of whk^h product runs on 
which complex and the effedivity date when the 
product can be scheduled, a projection of capacity 
consuaints is established. If no capacity constraints 
. are found i.e. thp product can be scheduled (Block, 
30). the first phase of long range maintenance 
planning is complete, and an Indication of the ex- 
cess capacity available. If any. is tracked at Block 
38. 

If there is a capadty shortage (Block 30) the 
capacity constraints are identified at Block 31. If 
overtime can resolve the capacity constraints 
(Btock 32), it is planned and the comparison of 
requirements to capacity is tried again. II overtime 
is unavailable (Btock 32), the second course of 
action is to increase the complex production capac- 
ity. This is done at Block 33 by improving the 
complex efficiency rate to provide more efficient 
use of the complex, and/or by Improving complex 
availability to improve maintenance operations to 
increase production. The maintenance planner can 
state the minimuralmaximum utltlzaiton to schedule 
a complex. Tbe long range maintenance planning 
function will alter the utilization within the guide 
lines (Block 34) and the comparison of require- 
ments to capacity is tried again. 

If an increase In machine utiPzation cannot 



resolve capacity requirements (Block 35) the third 
course Is to compare the required capadty to the 
excess capadty of other complexes, at Block 37. 
The long term treitd of the other complexes is 

5 analyzed and Complexes which can be modified to 
produce the required products are selected at 
Btock 38. Then, at Block 39 maintenance requests 
are created to perform the modifications if they 
occur in the first year of the planning horizon. 

10 The atxive three alternatives are performed for 
all products until all products are scheduled (Bk)ck 
27). The process then ends (Block 28). If these 
three alternatives cannot resolve the capadty con- 
straints. 8 capital eixpendilure analysis may be gen- 

16 erated to recommend the purchase of additional 
machinery. 

The modified machine capacity file created at 
Block 3B is provided to the Manufacturing Oper- 
ations Controller 11 (Figure 1) for use when creat- 

20 ing a production plan. The rriaintenance requests 
created at Block 39 to perform the complex modi- 
ftoalions matches the nnodified machine capadty 
file. This Is the first step of the integration of 
production and maintenance. The downtime for 

26 complex modification is reserved when the manu- 
facturing operations controller creates the produc- 
tion plan. 

Yearly Maintenance Planning 21 

Referring again to Figure 5. the second opera- 
tion perfonned by Maintenance Schedule Manage- 
ment Subsystem 3 is yeariy maintenance planning 
21. Yeariy maintenance planning creates a weekly 

35 maintenance schedule for the first year of the plan- 
ning horizon. Lon^ range mainteiiance planning 
reserves a complex by applying a utilization per- 
centage; for example, resen/e 10% of the time on a 
complex for maintenance operations. The utilization 

40 percentage rate is replaced by the yearly main- 
tenance plan. 

Referring now to Rgure 7, the detailed oper- 
ations performed by the Yeariy l^aintenance Plan- 
ning Function 21 will now be described. The objec- 

49 five off this function is to group all known main- 
tenance requests by complex. Maintenance re- 
quests may come from (t) complex modifications 
planned in phase one (Rgure 6); (2) Time depen- 
dent maintenance functions based on regulariy- 

50 scheduled events such as an oil change; (3) MlC 
directives (Maintenance Improvement Committee 
directives) such as trials, modifications and up- 
grades; and (4) Usage dependent maintenance 
hjnctions based on planned run hours for each 

6S complex. The maintenance requests for complex 
modifications, time dependent events and Main- 
tenance Committee directives are grouped togeth- 
er. Once the groupir>g is complete, the dates that 
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the MR's will be performed are rescheduled to 
minimize the complex downtime. The Usage de- 
pender)t maintenance requests are created and 
merged with the other maintenance requests. 

Referring to Rgure 7. the time dependent 
maintenance requests are generated at Block 44 
by reading the Regularly-Scheduled (RS) tile 
(Block 41). This file contains an RS record for each 
type of time dependent event to be performed on 
each piece of eqiripment. These events may re- 
quire that the equipment be down « oil changes, 
lubrication or belt replacement. Other events per- 
form visual .inspection and equipment analysts 
while the equipment is stii) running. The measure- 
ment record is read for each RS record at Stock 42 
to extract the time interval that this event Is to take 
place (Block 43). A planned maintenance request Is 
created at Stock 44 for each time dependent event 
during the first S2 weeks of the planning horizon. 

MIC directives for trials. modiHcattons and 
equipment upgrades are entered by the Mainten- 
ance Improvement Committee and are obtained at 
Block 45. The use of the equipment is reserved by 
the master production schedule when the complex 
will be out of production for an extended period of 
time. The complex modifications requests. Initiated 
by production in phase one. are combined with the 
ottier planned maintenance requests, at Block 46. 

Refem'ng to Block 47, the maintenance re- 
quests for the time dependent, MIC directives and 
comptox modifications are grouped by complex. 
Then, referring to Block 46. each of the main- 
tenance requests for the complex are reassigned to 
minimize ieK$t-4ime for maintenance. Each main> 
tenance request has a critical indicator which as- 
signs the sequence which maintenance operattons 
should be performed. Each maintenance request 
also has a window during wNch that maintenance 
request must be performed. The dates that each 
maintenance request is planned are examined so 
that less critical maintenance requests are com* 
bined with other maintenance requests. Mainten- 
ance requests are rescheduled to minimize the 
downtime of a complex. 

Referring now to Figure 7C, the detailed oper* 
ations for reassigning maintenance requests to 
minimize tost production time (Stock 48 of Rgure 
7A) will now be described. As shown in Btock 81. 
maintenance requests are first grouped by date. 
Then, at Slock 82. the sorted maintenance requests 
are examined to detemilne if they can be re* 
scheduled to match other maintenance requests. 
This step continues until all maintenance requests 
have been examined (Block 83). The rescheduling 
is done to meet the most aitical maintenance 
requests. In panicular. each maintenance request 
may contain Uie numt)er ol days or weeks a main- 
tenance request can be rescheduled and stiD meet 



Uie maintenance objectives. Block 84 examines the 
renrialnlng maintenance requests to see if they can 
meist'the maintenance ob]ecthres In' terms of the 
number of days or weeks. Maintenance requests 

s which can be rescheduled have a temporary 
scheduto date catoulated at Btock 85. When all 
maintenance requests have t)een processed, main- 
tenance requests are examined once again for ad- 
ditional rescheduling at Block 88. A check is made 

10 al Btock 87 to see if the rescheduled maintenance 
requasts produce the mNmum lost production 
time. An additional pass is made to Btock 66 to 
examine additional rescheduling and finally the re- 
scheduled nrtaintenance request dates are updated 

fs al Btocic 88. 

For example, as^unrw a complex modification 
is planned in week 20. Several time dependent 
maintenance operations are required for the same 
complex. One maintenance operation is scheduled 

» for week 18 and another for week 21. These time 
dependent maintenance operations can be per- 
fonned within twd"weeks' of the original request 
data. The two time dependent maintenance oper- 
ations will be rescheduled for week 20. In order to 

25 minimize tost time, the two time dependent main- 
tenance operations will be performed while the 
complex is down for modification. 

Referring again to Figure 7A, planned main- 
tenance requests are generated by the master pro- 

00 duction schedule for usage dependent events. Us- 
age dependent events occur when a piece of 
equipment has been in production (use) for a given 
number of hours. Certain preventive maintenance ^ 
operations are performed on the equipment based * 

35 on the accumulated actual run hours plus the 
planned run hours. The master production sched- 
ule schedules a complex to be down to perform 
usage dependent events. Usage dependent events 
are calculated as follovi/s: 

40 (1) Actuafproduction hours which a complex has 
run is accumulated (Stock 49). The current 
week's production hours are added to the actual 
llfe-to-date hours. 

(2) The time to perform the maintenance re- 
45 quests for time dependent, MIC directives and 
complex modifications is removed from the ca- 
pacity hours available for production, at Block 
51, and a new schedule of available capacity Is 
generated at Block 52. * 
60 (3) The production requirements are loaded to 
the complex based on the capacity available 
after aDowing for maintenance request (Block 
54). 

(4) The planned nin hours are ttien added to the 
55 actual life-to-date hours!* At Block 56, when the 
projected planned run hours exceed a usage 
dependent event (for exampto: do a class A 
overhaul every 1250 production hours) a maln- 
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tenance requost 1$ planned (Block 57). 
(5) The dates for a usage dependent main- 
tenance request are then matched wtth other 
noaintenance requests. If the complex is not 
scheduled for production dose to the date for a ' 
usage dependent maintenance request, the re- 
quest is" rescheduled at Block 58 to be per- 
formed when the complex is not in use (Block 
59). If production is required in a week in which 
maintenance is required, a check is made to 
determine if production can be moved to an idle 
complex. If ttie production requirement cannot 
be met, the maintenance request is reschedul- 
ed. The production requests and maintenance 
requests are rearranged at Block 63 to conform 
to the new schedule. 
The above process is repeated, until, at Block 55. 
all maintenance requests have an assigned sched- 
ule date. A new maintenance request tile is gen- 
erated at Block 60. The machine capacity has also 
been reserved to perform the planned mainten- 
ance. 

The next step is to extract the estimated labor 
hours required to perform the maintenance re- 
quests. There are two methods of extracting labor 
hour requirements. The labor hour requirements 
may be entered directly on the maintenance re- 
quest. Alternatively, as shown in Rgure 7 at Block ' 
61 the maintenance scheduler can indicate the 
work plan which has the detailed labor hour re- 
quirements. Based on the maintenance request's 
start date and the duration of the maintenance 
request, indicated by the end date, the labor hours 
are accumulated by labor type for each week ol 
the planning horizon as shown at Bkx:k 62. 

This yields the labor hours required to perfonm . 
all of the maintenance requests (Btock 63). The 
weekly labor hours available (total labor hours mi- 
nus percent reserved for unplanned maintenance) 
is obtained at Block 64 and is compared to the 
weekly labor hours required. The production sched- 
ule is also obtained at Btock 65. Rnite scheduling 
techniques, invohfing automatic priority revision in 
order to level maintenance operations to the time 
available, are used to resolve all overk»ded weeks 
and reschedule maintenance at Block 66. Each 
maintenance request Is examined for crlticality, The 
less critical maintenance requests are rescheduled 
to fill weeks where excess labor hours exists. This 
rescheduling is filtered by the production schedule, 
obtained at Block 65 to ensure that the impact to 
the inventory policy is minimized. The result is a 
new maintenance schedule (Block 67) and a new 
production schedule (Block 66). An integrated 
weekly plan is now available. 

Example: Yearly f^aintenance Planning 



An example of the processing of Figure 7 will 
now be described with reference to Rgure a Re- 
ferring to Figure 7 and Figure BAj the first step is 
to take the known nnaintenance requests for the 

5 MlC directives (Stock 45) and time dependent 
events (6k>ck 44) and insert them Into the produc- 
tion schedule, replacing production capacity. Figure 
8A illustrates the organization of regularly sched- 
uled time dependent maintenance events and MIC 

10 directive maintenance by week. Rgure 8A also 
illustrates insertion of the time dependent main- 
tenance requests into the production schedule for 
the complexes. 

The next step shown in Figure SB, correspond- 

16 ing to Block 51 Of Rgure 7, calculates the usage 
dependant maintenance requests, shown as *P/M*. 
The scheduled hours are added to the actual hours 
to project when a maintenance request needs to be 
generated (Blocks 49 and 50 of Rgure 7). For 

20 example, complex 1A-1 has 800 actual hours prior 
to week one. At 1250 hours a noaintenance request 
is to be created. Adding a weeks worth of sched- 
uled run hours (112 hours per production week) to 
the actual hours indicates that complex lA-1 will 

25 reach the 1250 maintenance point during week 
four. A tentative maintenance request to perform 
the usage dependent maintenance operatk)ns is 
scheduled tor week four. 

Referring now to Rgure 8C. the third step. 

30 conesponding to 6k>ck 51 ol Rgure 7, combines 
the maintenance requests to minimize downtime. 
For example, referring to Rgure 8C. both the main- 
tenance requests for a time dependent event (MR3 
in week four) and a usage deperKjent event (MR9 

35 in week seven) are comtuned and rescheduled into 
week five when the complex is due to be idle. 
Production is below the inventory target desired for 
week four. The rescheduling off the maintenance 
requests achieves the production and the main- 

40 tenance objectives. The complex schedule (Block 
54) and New MR file (Block 60) are illustrated in 
Rgure 8C. 

The final step, corresponding to Blocks 61-66 
of Rgure 7. is to balance the required labor hours 

45 with the available tabor hours. Referring to Rgure 
80. it is assured that only two maintenance oper- 
ations can be performed per week. Week five has 
three maintenance operations scheduled. Complex 
3A-1 is the best choice to reschedule because 

50 productbn is not scheduled for week six. However, 
week six will then have three maintenance oper- 
ations. To allow the maintenance of 3A-1 to move 
to week six, the maintenance operation of complex 
3A-2 wiU be moved to week seven. The resultant 

55 maintenance schedule (Block 67) arid production 
schedule (Bk)ck 68) are illustrated in Rgure 8D). 

Daily Maintenance Scheduling 22 
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Referrtng again to Rgure 5. the final phase 
psrfonnad by Maintenance Schedule Management 
Subsystem 3 Is daily, maintenance scheduling 22. 
Daily maintenance scheduling creates a compre- 
hensive daily producUon/maintenance schedule. 
The previous phase (yearly maintenance planning) 
integrated the weekly maintenance and production 
plans for the entire planning horizon. The daily 
maintenance scheduling converts the weekly main* 
lenanoe plan Into the daily maintenance schedule. 

Many of the maintenance requests havo the 
actual dates that the maintenance ^vent is to occur. 
MIC directives and machine modifications aro c*- 
amples. Time dependent and usage dependent 
maintenance events can occur any day of the week 
in. which they are planned. The last group ol main- 
tenance requests to be gathered are those found 
during visual inspection and from electronic sens- 
ing devices. Hgure 9 illustrates the process of 
gathering these maintenance requests. 

Time dependent events for visual inspection 
can reveal potential equipment failures. The results 
of such visual inspections are obtained at Block 71. 
Eiactronic sensing devices may also be placed on 
key equipment components. Statistical process 
control (SPC) techniques are used to capture and 
evaluate the status of key equipment components. 
No action Is XaMeh when the readings are within the 
tolerance limits. Diagnostic data is generated from 
the visual inspection description and the SPC input 
for each reading outside the tolerance Dmits at 
Block 72. The diagnostic data may be evaluated at 
Block 73 using an expert system with an accotn- 



chine requirements necessary to support produc- 
tion commitmente. 

More particutarly, at Bk)ck 89. all production 
orders and maintenance requests frorr Blocks 67 

6 and 68 of Rgure 78 are gathered. Then, at Block 
90. special production orders are assigned a run 
priority based upon the date the production order is 
due and the amount of time it takes to produce the 
order. The production orders are then sorted by 

10 their new date at Block 91 , and at Block 92. special 
pfoducb'on orders, are scheduled to take ownership 
of tho production equipment. S pedal maintenance 
requests which must be performed in e certain 
time frame are then scheduled at Bk>ck 93. Finally, 

'5 at Block 94, the rennaining maintenance requests 
are scheduled up to the maintenance hours (man 
and machine hours) available, and the remaining 
noncritical production orders are then scheduled. 

90 DETAILED OPERATION: PARTS MANUAL MAN- 
AGEMENT SUB^^^ 

A production complex consists of many pieces 
of machinery. Each machine has a Parts Manual 

n which describes how the machinery is assembled, 
and includes a parts list, also referred to as a **BiIl' 
Of«Material", for each assembly. The parts manuals 
are electronically stored and maintained by the 
Parts Manual Management Subsystem 5 (Figure 

30 1). The engineering drawings are converted to a 
digital format and the image is stored on parts 
manual file 7. The assembly structure and the parts 



lists are also stored on parts manual file 7. Each 

panying knowledge base to perform diagnostic assembly has an Image associated with It. The 

checks. If no failure is projected (Block 74). the 35 essemblies are arranged in a hierarchical lisUng. An 



process ends at Block 76. If a failure is projected, 
the cause of failure is identified; the failure date is 
determined and a critical indicator Is assigned for 
scheduling. The maintenance requests generated 
by this procedure at Block 76 are combined with 
the new maintenance schedule (Block 67 of Figure 
7) and the new production schedule (Block 66 of 
Figure 4) at Blocks 77 and 77 respectively, and the 
daily maintenance schedule is created at Block 79. 

Daily maintenance scheduling refines the 
weekly planning function described above in con- 
nection with Figure 7. Maintenance ' requests for 
time dependent and usage dependent events can 
be scheduled any day during the week that they 
are due. MIC directives may have a specific start 
date which must be loltowed; others can be sched- 
uled during the week in which they are due. Main- 
tenance requests whteh have a predetermined start 
date are scheduled. The other Maintenance re- 
quests are then scheduled using machine toading 
techniques. This process includes looking at pro- 
duction orders which have a due date. Maintenance 
operations will be scheduled around specific ma- 
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iltustratkm of the hierarchical listing in the parts 
manual file Is shown in Fijgures 10A-10D. 

When a unique production line identification is 
entered such as the factory, unit and complex 
number is entered, the parts manual management 
subsystem lists the components or parts list for 
that piece of equipnnent. The maintenance operator 
can enter a specific equipment identtficatton num- 
ber and the automated parts manual management 
subsystem will begin at that point. For example, if 
a maintenance operator enters the factory, unit and 
complex, the display of Rgure 1OA is displayed. 
The left side ot the display is an image of the 
selected complex. The upper right corner includes 
a list of all parts in the complex, one hierarchical 
level down from the complex level. The lower right 
corner allows a user to obtain help information, to 
exit the parts manual file, or to view a complete bill 
of materials (described below) without an accom- 
panying image. 

The operator may tNn select the next piece of 
equipment to look at. As shown in Figure 10A. the 
packer was selected and display of Rgure 10B is 
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displayed. The packer has eight sections. An im- 
age of each is displayed on the left side of the 
display of Figure lOB. The upper righi corner in* 
dudes a list of the parts. The lower right corner 
contains the, above described *help*. 'exit*, and s 
"explode bill* option described above. Options also 
allow detail information (such as company pari 
numt)er. type of part or replacement history) to be 
displayed, allows return to a higher level in the 
hierarchy, allows an image to be printed, or a new ro 
assembly to be specified. 

When the malntonanco operator selects option 
1 • FRAME SECTION 1" tho computer reveals the 
next level of the machinery shown in Rgure IOC. 
When the nrtatntenance operator selects option 1- is 
part 0051. the last assembly of this sector appears 
on the computer along with the parts list (Rgure 
lOD). This is the lowest level in the hierarchlal 
Gsling of parts. The maintenance operator may 
select the parts which are required by placing a 'P* 20 
beside the parts displayed. The parts will be auto> 
maticalty ordered, assigned an emergency ntain- 
tenance request number, unless this is a planned 
modincation. and the Parts Manual File will be 
updated to reflect the replacement parts. The Parts 25 
Manual Management Subsystem cooperates with 
the Spares Inventory Management System, as de- 
scribed below, to review part availability and to 
automatically issue the requested parts. The Parts 
Manual Management Subsystem also cooperates 30 
with the Maintenance Schedule Management Sys- 
tem described above. Alt planned and unplanned 
maintenance requests are implemented through the 
Parts Manual Management Subsystem. 

The engineering services department may 35 
maintain, the master copy of the Parts Manual File. 
Each plant may be provided with a distrituited 
version of the Parts Manual Tile for the equipment 

in their plant. Changes which are- applied to the 

master copy are electronically Uansmitted to the 40. 
plants throughout the day. Alternatively a CD-ROM 
may be created for remote use on a personal 
computer. 

The engineering services department may 
identify a modincdtion prior to determining to which <s 
complex(s) the modification will be applied or 
knowing the nuxfitication date. A planning parts 
model allows engineering services to create the 
parts list associated to the modification without 
associating the modificauons to a specific complex, so 
When the complex and date are defined for the 
modification, the planning parts model is copied to 
the specillc complex. This allows for spare parts 
planning prior to committing the plant maintenance 
operations to an implementation schedule. The S5 
planning parts model also provides the capability to 
perforrn a cost benefit analyst of the proposed 
modifications. 



The Parts f^tonual RIa and Pans l^nual Itoi- 
agement Subsystem may be implemented using 
oommercially available Imaging systems such as 
the Wang Integrated Image System (WItS) mar- 
iceted by Wang, t^ell. ^4A. 

DETAIl^P OPERATION: ENGlNEERINCi CHANGE 
CONTROL MANAGEMENrSUBSYSTEM 4 

All modifications to the Parts Manual RIe are 
controlled by the Engineering Change Control Man- 
agement Subsystem 4 (Rgure 1). Referring to Rg- 
ure 11, the detailed operation of the Engineering 
Change Control Management Subsystem will now 
be described. An Engineering Change Number 
(ECN) is assigned for every modification to the 
Parts Manual RIe. The criteria to implement the 
modification, such as a date, is also assigned to 
the Engineering Change Number (ECN). All perma- 
nent modifications to the Parts Manual RIe are 
coordinated by a central Engineering Change Con- 
trot (ECC) function. Each plant can establish tem- 
porary changes for plant trial modifications. These 
changes are in effect for a short duration and will 
be automatically removed, for example after 10 
working days. Plant trial modifications must be 
submitted through the central ECC function- when, 
the modifications are to become permanent. 

The maintenance request Issued to perform a 
modification references the ECN to be applied. The 
Parts Manual RIe is updated when maintenance 
performs the task and closes the maintenance re- 
quest. The ECN is closed when all the modifica- 
tions under the control of the ECN are completed. 
Emergency maintenance performed on a piece of 
.equipnnent is captured and routed to engineering 
senfices for review. The parts manual file will be 
updated based upon their action. 

Engineering change control is divided into two 
phases. Identifying a change and coordinating the 
engineering change with the Parts Manual RIe is 
the first phase. Closing the engineering change and 
applying the change to the Parts Manual RIe is the 
second phase. Referring now to Rgure 11, in the 
first phase, all permanent modifications to the Parts 
Manual File (Block 108) are applied to the master 
copy and distributed to the plants (Block 111) upon 
ECN completion. Requests for modification come 
from several sources: (1) Maintenance Improve* 
nftem CommitieeA'endor directives (Block 101) • 
such as equipment design changes for an effi* 
Clancy upgrade; (2) Plant engineering modifications 
(Block 102) - implementing Improvement sugges- 
tions from the maintenance operators: (3) Spare 
Part Inventory Control (Block 103) - for part sub- 
sUtuUon and replacements; and (4) Emergency 
maintenance performed (Btock 104). 

These modifications are sent to an engineering 
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services group which coordinates all engtneertng 
changes via the Engineering Change Control Man* 
agement Subsystem 4. Engineering services can 
operate the Engineering Change Control Manage- 
ment Subsystem 4 to add a pari, remove (delete) a 
part or replace a part The first step is to create an 
engineering change by adding an engineering 
change notice to the EON file and establishing the 
criteria when the change is to take place. Next, at 
Blocki108. the Parts Manual Rle is modified. to 
reflect the engineering change - add, remove or 
replace a part(s). 

A new part added to the Parts Manual File is 
classified as "inactive" and will not appear on the 
Parts (Manual File until an engineering change num- 
ber is assigned. A part to be removed will be 
flagged as such when the engineering change 
number is assigned. A replacement part is a two 
step operation: (1) remove the current part to be 
replaced: (2) add the replacement part 
I 

Example: Update of Parts Manual File 

Figure 12 shows two examples of Engineering 
Change Control (Rgure 11. Block 106) and updat- 
ing the Parts Manual (Rgure 11. Block 108). The 
fir^ example in Rguro 12 is for drawing number 
0051.01. Engineering- Change Number 1010 Indi- 
cates that this drawing is to be deleted (10100) 
and replaced by 0051.01.01 (1010A) on 2/1000C 
Drawing number 0051.01 will be used prior to 
2/10/XX. Drawing 0051.01.01 will be used begin- 
ning 2nO/XX. The second example in Figure 12 is 
for a part replacement The distributor 4030 will be 
replaced by 4030.01 on 2/5/XX, controlled by En- 
gineering CTiange Number 1011. Distributor 4030 is 
" ' to be used before* 2/5/XX (1011D). Distributor 
4030.01 will be used beginning (lOilA). 
Rgure 13 shows the parts lists in effect on 2/5/XX. 
Rgure 14 shows the same parts lists in effect on 
2/10/XX. The parts list in Rgures 12. 13 and 14 
represent three different parts lists over a period of 
time based on the criteria of each engineering 
change number. 

The example of Rgures 12. 13 and 14 are for 
Unit 01 Complex 01. The same engineering change 
number can be used to modify multiple complexes 
concurrently. However, each complex must have 
an unique engineering change number to time- 
phase changes. 

Closing the engineering change number and 
applying the changes to the Parts Manual Rle Is 
the second phase of engineering change control. 
See BkK:K 107 of Rgure ii. The information flow 
for closing ECN*s is shown in Figure 11. There are 
tour methods of closing engineering change num* 
bers. as follows: 

(1) Engineering sen^ices can close an ECN upon 



demand (Block 107). The dtanges Indicated by 
the ECN will be applied to the Parts Manual Rle 
when this occurs. 

(2) Completion of a plant trial modification 
s (Block 110) wiU close the temporary plant ECN. 

The changes indicated in the tonrtporary trial 
mod will be removed fa)m the plant's Parts 
Manual File (Btock 111). The master copy of the 
Parts Manual Rle will be updated if the plant 
ro trial modification has been entered by engineer- 
ing services. 

(3) The completion of a maintenance request 
(Blocks 113 and 117) will ctose an engineering 
change number. This can occur when main- 

7S tenance issues a MR to implement a MIC direc- 
tive (Block 113) or when emergency mainten- 
ance is performed (Block 117). Engineering ser- 
vices will be notified when a part was replaced 
which was not listed in the Parts Manual Rle. 

20 (4) Engineering change numbers assodated with 
materia] (part) use up. will be ck)sed when 
spares (Bkx:k 116) issues the last part (Block 
116). This will be described in further detail 
beksw. 

25 

Detailed Description: Database Rle Structures 

Having described the detailed operation of the 
Engineering Change Control Management Sub- 

3P system 4 and Parts Manual Management Sub- 
system 5, the data file structures for the associated 
data files will now be described. These files are the 
Engineering Change Control File 12, and Parts 
Manual Rle 7. The Paris Manual Rle 7 includes 

35 three files: The Parts Master Rle. the Parts Image 
Rle and the Parts List Rle. They are described 
below. 

(1) The Parts Master Rle - The layout of this file 
is sHown in Figure 15. The following fields are 
40 included: 

• Part Number • 

Vendor drawing number or 
Vendor part number from vendor parts cata- 
log 

4$ * Description - 

Vendor description 

' Status - 

A - ective 

1 - inactive 
50 0 - obsolete 

' Image Address - 

Physical location of the image of the en- 
gineering drawing In the parts image file 
' Date l^sl Chg - 
55 Date that the image was last modified 

• XY2 Part Nbr • 

Unique internal company part number for this 
part OiKerent vendor part numbers may use 

18 
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tfi8 same Internal company pan. 

• Substituta/Repiacement XYZ part nDr - 
lh9 Internal part number which will replace 
the Current internal .part during material use- 
up. 9 
•ECN.nbr.- 

Engtneering Change Number authorizing this 
change. 

• ECN Action • 

S - the substitute/replacement internal part lo 
number will replace the current XYZ pari 
number R - the internal part number will 
replace this substitute/replacement internal 
part number 

• Complexes used In • rs 
List of. complexes which this assembly ap- 
pears in 

' Low Level - 

Lowest level number in the parts list file 
which this part appears 20 
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The planning level lor this part. Used during 
spare parts planning. 

(2) The Parts Image File which contains the 
compressed representation of each drawing. 

(3) The Parts List (BiD-of-Material) File. The lay- 
out oTthis file appears in Figure 16. The follow- 
ing fields are included: 

• Assembly Nbr - 
Engineering drawing number 
•PartNbr- 

Spare part number used in this assembly 

• Sequence Nbr - 

Drawing sequence number for this spare part 

'Status-- 

A -active 

I • inactwe 

' Quantity Per - 

Number of spare parts needed at this se- 
quence for the assembly 
' Scrap Factor - 

Scrap factor associated with this spare part 
-ECN Nbr- 

Engineering change control number assigned 
to this modification 

• ECN Action • 

A - add to assembly 
0 • delete from assembly 

• Date Last Changed - 

Date of the last ECN modification made to 
this part 

• Cumulative Run Hours - 

Actual run hours posted to this part on this 
assembly 

• Mean-lime - 

Life expectancy, in run-hours, for this part 

(4) The Engineering Change Control File con- 
tains the Engineering Change Notice File. The 
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layout of this file appears In Figure 17. The 
fields are as follows: 

• Engineering Change Nbr - 
Number assigned to this ECN 
*ECN^riteria- 

OT - Implementation date 
VU • vendor part replacement inventory use- 
up 

RU * intemal part replacement Inventory use- 
up 

MR • maintenance request which will imple- 
ment this change 

• ECN description 

(5) The Regularly Scheduled (RS) Event file 
contains the following data: 

• RS-number - 

unique number which identifies this record 

• RSKlept/complex - 
department and complex number 

• RS-description - 
desalptlon of this RS 

• RS-sched date - 

trigger date for generating maintertance re- 
quest (MR). Used with frequency and lead 
time to determine time to generate an MR 
' RS-frequency - 

time in days between MR generation . , 

• RS-lead-time - 

number of days an MR is to be generated 
prior to the actual mainte.nance event 

• RS-shift - 

the beginning shift for this MR 
■ RS-shutdown hrs - 

the number of hours required to perform this 
request 

• RS-priorlty • 

the priority sequence to perform the main- 
tenance event: used to group maintenance 
operations 

Example: Engineering Change Control Manage- 
ment Subsystem Operation 

Figures IB through 22 represent a comprehen- 
sive example of the Parts Manual File 7 (Rgure 1) 
during different phases of engineering change con- 
trol. The Parts Manual Fie lor complex 670101 is 
illustrated In Figure 18. Four engineering changes 
will be made to complex 670101 , as follows: 

(1) ECN 123 will replace Part-C with Pait-B on 
2/t50O(. This Is an example of a "date conuol" 
engineering change. 

(2) ECN 456 will replace Part-F with Part-E 
when the last Part-F is issued. This Is an exam- 
ple of a ^material use-up" engineering change 
which replaces one vendor part with another 
veruior part. 

(3) ECN 769 is based on a M^ntenance tm- 
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provement Committee directive (controlled by a 
maintenance request - MR). One part (Part*K) is 
replaced with three parts. 
(4)' ECN 886 will replace one internal XYZ part 
(55687) with another internal XYZ part (55666) 9 
for vendor pail Part-A upon material useup of 
XVZ part 55687. This engineering change re- 
places a vendor part with an equivalent part 
from another Vendor. 
The completely modified Parts Manual RIe for ro 
complex 670101 is shown in Figure 22. 

All ol those changes roquiro that now parts bo 
added to the parts mastor filo. The operations 
performed by Engineering Change Control Man* 
agement Subsystem 4 to accomplish these i$ 
cl^anges are illustrated in Figure 23. In Block 141. 
line items 30 - 34 in Figure 15 are added to the • 
parts master file. Since these items are stocked 
(Block 142) and no engineering change control 
entries have been made for these parts (Block 146) 20 
the parts on lioe item 30 • 33 are added to the 
parts master after verifying that the XYZ part num> 
ber exists (Block 143). Une iteni 34 (OIBIIO) is a 
non-stocked item (Block 142) because it has no 
XYZ part number. Therefore it is added directly to n 
the parts master (Block 153). 

Next, referring to Figure 24. the engineering 
change control entries are created. ECN 123 - 
Group PM schedule • is date controlled (Block 175) 
to go into effect on ZlSinx, ECN 456 is coded as a 90 
vendor part replacement to be implemented when 
Part-F is depleted (Block 173). This requires that 
Part-F be in the part master file (Block 176) and 
that the inventory quantity on-hand be greater than 
0 (Block 177), plus any reserved stock if desired. 3S 
ECN 789 is to implement a MIC improvement 
(Bk>ck 172) modification arxl wilt t>e effective when 
MR 123 is completed. ECN 886 is another part use* 

up (Block 173). This one replaces one XYZ part 

with another XYZ part. This is the only ECN imple- 4o 
mented through the pari master. 

The parts list is updated next. See Figure 25. 
All changes are applied to the OlBl assembly 
(Block 202). The last 5 line items (28 - 32) are 
added to the parts list (Block 204). Une items 22 45 
and 28 are controlled by ECN 123 to be imple- 
mented on 2/15/^. Une item 22 will be deleted 
and line item 28 added on this date. 

ECN 456 controls line items 25 and 29. Une 
item 25 will be deleted and line item 29 will be so 
added when the last vendor part Part-F is issued 
(reserved stock can be maintained by supplying a 
minimum inventory level). 

ECN 789 is the last ECN to be implemented by 
the parts list. Une 25 will bo deleted and line items » 
30 - 32 will be added when the maintenance re- 
quest MR123 Is completed. 

Two additional steps are performed when the 



pan added to the parts list Is an assembly. A check 
is made to determined If the assembly being ad- 
ded exists in other assemblies (Block 206). If it 
does, another check is made to datermlne whether 
the assembly references itself sonrtewhere in the 
assembly structure (Block 207). Tbis would create 
an endless lodp. so the addition is rejected when 
tNs condition is detected (Block 208). 

The assembly's k>w level code and the plar)* 
ning level code is incremented by 1 (Block 210) 
and stored as the parts low level code and plan- 
ning level code. The planning level code is used 
during spare parts planning to ensure that all re- 
quirements for a part are known t>efore replenish- 
ment orders are calculated. 

The last step is to add the part as active (A) 
when en MR is entered (Block 212). or Inactive (I) 
when no MR is entered (Block 211). A part coded 
as Inactive is ignored for all purposes except for 
editing. 

The last ECN (886) is implemented by the 
parts master, Figure 15. Une item 24 will be imple- 
mented when XYZ part number SS687 is used-up. 

Figure 19 shows the parts list for 670101 with 
the three ECN*s pending. When accessing the ac- 
tive parts list, only those parts In effect until the 
ECN is closed will be shown. Figure 26 shows the 
active parts list of 670101 on 2/Uf)cx when no 
ECN's have been closed. 

Stepping through Figures 20 - 22 illustrates the 
parts list as each ECN is closed. Figure 20 is 
displayed after 2/14/xx - ECN 123 has been closed. 
Figure 21 has both ECN 123 and 456 closed. 
Finally. Figure 22 is the Parts Ust when all three 
ECN's have been implemented. 

The engineering changes to the automated 
parts model are performed when parts are issued 
to a maintenance request (Block 115 of Figure 11) 
or when a maintenance request is closed (Block 
107 of Rgure 11). The operational sequence for 
ctosing ECN*s is shown in Rgure 27. 

Referring to Rgure 27, each part issued to a 
MR (Block 221) is checked to determine if that part 
is under ECN control (Block 222). The request is 
suspended (Block 224) and engineering services is 
notified for corrective action (Btock 225) when a 
part is not under ECN control. 

If the part is under ECN control (Block 222). a 
part under XYZ use-up control (Block 223) updates 
the part master (Block 229) by moving the 
substiiute/replacement XYZ part number into the 
XYZ part number field. The ECN is then closed 
(Btock 230) and removed from the ECN file. The 
process then ends (Bk)Ck 231). 

A part issued to a parts Pst item coded as 
delete (DEI) (Btock 226) is suspended (Block 224) 
and engineering services is notified for corrective 
action (Bk)Ck 225). 
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ECN's tor vendor use-up (Block 234) will up- 
date all parts lists which are associated with this 
ECN (Blocl( 232). The old Item(s) on the parts list 
coddd (DEL) is moved to ECN/part list history 
(Block 233) and rernoved from the parts fist. The 
ECN is also closed at this time (Block 235) and the 
process ends (Block 236). 

The remaining ECN changes are under MR 
control. Parts may be issued to a MR over a period 
of time. Each part issue will cause the parts list to 
be updated (Block 237) and the part history file 
updated (Block 238). The ECN is checked to verify 
if all changes have been made (Block 239). When 
all changes have been nriade. the ECN is closed. 
(Block 240) and moved to ECN history (Block 241). 
The process. then ends. 

The request Is suspended (Bk)ck 244) and 
engineering services notified (Block 246) for action 
when the MR is closed (Btock 243) but the ECN is 
still open (Block 247). 

The ECN/Parts List History File contains ail 
changes to the Parts Manual Rle. The Parts Man- 
ual RIe can bQ recreated for any point in time. 
Statistical data about part usage, mean-time failure 
rates and number ot maintenance occun'ences may 
also be derived from the history file. 

DETAILED OPERATION: SPARES INVENTORY 
MANAgEMENT SUBSY^TElT l 

Referring again to Figure 1. the details of the 
Spares Inventory Management Subsystem 6 vifil) 
now.be described. Spare parts consist of four 
types of inventory items: 

Generic Items, such as nuts, bolts and washers: 
These items are maintained in bulk and issjuad 4S 
required. These items are carried in the spares 
inventory management subsystem and the parts 
manual file for reference. 

Non-stocked items include the machine frame, 
doors and other items which are not likely to need 
replacing. These items are carried in the Parts 
Manual File tor reference and in order to provide a 
complete hierarchiat listing in the parts manual. 
Consumable parts not maintained on the produc- 
tion biiW}f-materiat. such as adhesives, are listed as 
component items. Dies which print the product 
logo, inks and cutting blades are further examples 
of consumable pans not maintained on the produc- 
tion bilhof-materials. These items are replaced 
when they wear out or are used up. Spare parts lor 
consumables are planned based on future run 
hours. For example, cutting blades are replaced at 
the beginning of each production shift. Accordingly, 
each scheduled complex must have a set of cutting 
blades lor each production shift scheduled. Accu- 
mulating the cutting blades required to support the 
plant schedule yieUs the annount of cutting blades 



required each day, week or month. 
Replaceable parts, such as fans, motors, shafts and 
drives, are those spare parts which have an ex- 
tended life but which can break. These items have 

5 a mean-time failure rate which is initially rated by 
the vendor. The vendor nonnally supplies these 
parts. Posting the actual run hours to these parts 
and accumulating the future run hours provides the 
ability to compare the run hours to the mearv*time 

ro fashire rate and time-phase projected parts replace- 
ment — • 

In general; SparennventDiy Management Sub- 
system 8 manages the purchasing of spare parts in 
the following way: Noivstocked parts are pur- 

}6 chased upon request. Generic parts are reordered 
using typical 'Order ^oint* techniques. In other 
words, when the quantity' on-hand falls t)ek>w the 
predetermined order point, a replacement order is 
placed for a predetemiined order quantity. Con- 

70 sumable and replaceable parts are managed using 
a Hme-phased requirements technique. This time- 
phased tecfmique will now be described. 

Refemng to Figure 28. the planning cycle gen- 
erally consists of four steps. The first step, at Block 

25 260. obtains the requirements f9r spare parts. The 
second step, at Bkx:k 261. gathers the existing 
inventory and any outstanding purchase orders. 
The third step, at Block 262. is to calculate the 
time-phase replenishment schedule. The last step 

30 at Block 263 is to determine the buyer recommen- 
dations. Each of these steps will now be described 
in detail. 

At Block 260. the requirements for spare parts 
are obtained. Requirements for spare parts come 
3S from three sources: (1) spare parts identified in the 
parts manual file, (2) spare parts idemtified In ttie 
planning bill, arid (3) spare parts ailocated to a 
specific maintenance request. The requirements 
from the . first two sources are calculated in the 
40 same way and will be described below in connec- 
tion with Figure 30. The spare parts allocated to a 
specific maintenance request is added to the cal- 
culated spare parts requlrennents. 

(1) Spare Parts Identified in ^ Parts Manual 
45 FileflS'alriday describedT each vendor pro- 
v!%s a parts manual describing how its equip- 
ment is assembled. Engineering drawings and 
parts list of alt components are included in the 
parts manual. These parts manuals are referred 
50 to when maintenance is performed or engineer- 
ing changes are planned. The parts manual file 
is a biiKol-material representation of alt vendor 
parts manuals. The parts manual file organizes 
all of the vendor part manuals representing a 
55 complex. This provides a multi-level bllhol-ma- 
lerial lor each complex. Rgure 29 Is an illuslra- 
lion. Each item in the parts manual file has an 
inventory classincation assigned to it. Ke. ge- 
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nerlc. non-stocked, consumabto or replaceabto. 

Each spare part classified as "consumable' 
or 'replaceable* has a meantime failure rate. 
The mean-time failure rat9 is the number of run 
hours at which this part is likely to fail or need 
replacement Each part accumulates their actual 
run hours - stored in the cumulative run hours 
Tield. The planned run hours for each week are 
also accumulated for these parts. The planned 
rurv hours are added to the actual run hours. The 
results are compared to the mean-time failure 
rate. A requirement for the part is created each 
lime the planned run hours ^exceeds the mean- 
time failure rate: 

When these parts are replaced the actual 
, run hours are set to zero and the accumulating 
of actual nm hours begins again. The informa- 
tion on each replaced part Is moved to the parts 
history file. The complex, equipment number, 
MR number and other pertinent data is saved. 
The accumulated run hours are also saved. Sta- 
tistical analysis is applied to review the mean- 
time failure rale for this part ninning on this 
complex number. The vendor rated mean-time 
faikjre rate is reviewed and modified if justified. 

Replacement parts which are still under war- 
ranty by the vendor are listed for warranty re- 
placement. The vendor's warranty date and/or 
warranty hours are maintained for the warranty 
comparison. 

(2) Spare Parts Identified in the Planning Bill: As 
already described. "Plannrng^llls* can ie set 
up for regularly scheduled maintenance events 
such as preventative maintenance, machine con- 
figuration changes and consumable parts. This 
type of planning bill defines each spare part 
required to perform a maintenance event. This 
provides greater flexibility to engineering ser- 
vices. A parts list can be maintained for spare 
parts planning using the planning bill rather than 
coding the detail in the parts manual file. 

Engineering services can create a planning 
bill to plan tor engineering changes without 
modifying the parts manual Hie. The planning 
bill is used to evaluate machine modifications 
end to plan for the new machine parts. For 
example, an upgrade requires 50 new parts to 
replace 40 on various locations of the machine. 
A planning bill is created listing the 50 new parts 
and the 40 pans to be replaced. The planning 
bill is used to schedule the time-phased parts 
delivery. The future obsolete pans (those parts 
to be replaced) are phased out according to the 
planning bill. The actual Implementation of the 
project is performed through the parts manual 
nie under engineering change control as already 
described. The planning bill is removed upon 
completion of the project. 



(3) Spare Parts Allocated to a Specific Main- 
tenance Request: A plannS maintenance re- 
quest to perform a spedflc maintenance event 
can specify the parts required. These parts are 
6 allocated for this specific maintenance request. 
These parts are not available for routine main- 
tenance usage. 

Referring now to Figure 30. the detailed oper- 
ations to calculate time-phase replenishments 

10 (Block 262 of Figure 20) will now be described. At 
Stock 270, the Part Master is read by Planning 
Levels. This ensures that all requirement!! are cal- 
culated for each item prior to scheduling replenish- 
ment orders. For example, a part with a planning 

fs level code of 5 is planned after levels 0-4, so that 
all requirements for this part which were defined in 
levels 0-4 have been accumulated by the time level 
S is ready for scheduling. 

A part which is an 'assembly', i.e. a part which 

20 has tower tovel items associated with it. must have 
its accumulated run hours posted to each of its 
parts list items. Accordingly, at Btock 271. a test is 
made as to whether a part is an assembly. 

A check is to made to determine if a part is 

25 under ECN control at Btock 272. If the part is 
controlled under ECN use-up (Btock 273) no action 
is taken at this time. Use-up is implemented during 
the calculate replenishment phase betow. A part 
added to the parts manual file or planning bill 

30 (Btock 274) has the mn hours/requirements set to 
zero from the first pertod up to the period which 
the ECN becomes effective (Block 276). A part 
deleted from the automated parts manual or plan- 
ning blD has ttie run hours/requirements set to zero 

95 from the period the ECN becomes effective to the 
end of the planning horizon (Block 276). 

Example: Spare Parts Ordering 

40 Figure 31 illustrates the above described oper- 
ations for applying ECN changes. The assembly 
01 B1 - M^er Section 1 (see Figure 19) has two 
parts under ECN control. Part 01B13 Part-C is 
under ECN control 123. Effective 2/15/XX this part 

45 will be deleted from this assembly. Part 01B12 
Part-6 is also under ECN control 123. This part will 
be added to this assembly effective on 2/15/XX. 
For parts under an ECN controlled by a main- 
tenance request, the MR's start date is used to 

50 detennine the period which an ECN is planned to 
become effective. 

An assembly under ECN control must have its 
njn hours/requirements implemented under ECN 
control All pans included in ttiis assembly are 

55 subjected to the same ECN control, iherslore only 
the run hours/irequirements in effect lor the ECN 
will bo posted to the individual part. 

Returning again to Figure 30. the run 
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hours/requirements are now posted to the iodivid- 
uai Items which make up the assemt>ly. at Block 
277. 

Non-assembly parts (Block 271) have their run 
hours converted to requirements (Block 278). Fig- s 
ure 32 is an example. Part-C had actual run hours 
for last wedk of 100 hours. The planned run hours 
for this part, is shown for weeks 1 through 21. The 
mean-time failure rate for this part is 1375 hours. 
The required quantity is calculated as follows: io 

(1) The actual run hours are added to the pre- 
vious cumulative run hours giving (he new cu- 
mulative run hours. 

(2) The plan njn hours for each week are added 

to the cumulative run hours giving (he projected is 
cumulative run hours for eacti week. 

(3) Each week that the projected cumulative ruh 
hours exceed the mean-time failure rate, a re- 
placement part is required. The projected cu- 
mulative nin hours is reset by subtracting the 20 
mean-time failure rate for the projected cumula- 
tive run hours. 

In the example of Rgure 32. the cumulative run 
hours prior to this planning cyde was 900. The 
actual run hours for the previous week was 100 k 
hours. The new cumulative run hours is 1000. The 
projected cumulative run hours for each week is 
Incremented by the planned run hours. The projec- 
ted cumulative run hours for week 1 is 1100. This 
consist of the previous projected cumulative run so 
hours of 1000 plus the planned run hours for week 
1 of 100. This cak;ulation continues for the entire 
planning horizon. 

C)onfinulftg with the example of Rgure 32. after 
each projected cumulative run hours is calculated* 3S 
it is compared to the mean-time failure rate. A 
"requirement" is oreated each'time that the mean- 
time failure rate is exceeded. This occurs twice in 
Figure 32. Week 5 has a projected cumulative run 
hours of 1400. The mean-time failure rate is 1375. 4o 
Since the projected cumulative run hours exceeds 
the mean-time failure rate by 25 hours (1400 - 
1375) a requirement is created. The projected cu- 
mulative run hours is reduced by the mean-time 
failure rate and the calculations for projected cu- 45 
mulative run hours begins again. Week 6 has a 
projected cumulative run hours of 125 consisting of 
25 projected cumulative run hours from week 5 
(1400 • 1375) plus the 100 planned run hours for 
week 6. The second occurrence for creating a so 
requirement is in week 21. 

Returning now to Figure 30. the requirements 
allocated to a specific maintenance request (Block 
260) are added at Bh)ck 279 to the requirements 
from the previous step (Block 278). All require- ss 
ments lor this part have been 'pushed* down to this 
planning level. 

Then, at Block 282. the current inventory on- 



hand and all open purchase orders for this part are 
obtained for spares as desalbed above in the 
Pahs f^nuat Rle description. At this pc^rit all re- 
quirements are known and existing inventory, ac- 
tual (30) and on order (20). is knowa 

Several other things about this part ere known. 
The order quantity is 20; i.e. every time ^ order is 
placed 20 will be ordered. The vendor requires two 
weeks notice to deliver this part, so the lead time is 
2 weeks. Finally there is no safety stock for this 
part. i.& "Just-in-Time' techniques are to t>e ap- 
plied. The order quantity, lead time and safety 
stock are variables and can be set to any value. 

At Block 281, the replenishment is now cal- 
culated. Rgure 33 shows the calculations. The pro- 
jected on-hand is calculated by the formula: 

on-hand(N • 1) • required(N) on order(N) plan 
orders(N): 

A plan order is created for each week that the 
projected on-hand falls below the safety stock 
quantity. A replenishment order Is aeated by off- 
setting the week the plan order quantity Is needed 
by the lead time. 
The projected on-hand for 
week 1 is 20, i.e. (30-10 + 0 + 0); 
week 2 is 30, i.e. (20 - 10 + 20 + 0); 
week 3 is 15, i.e. (30-15 + 0 + 0); 
week4is7, l,e.(i5-8 + 0 + 0): 
week 5 \s -3. i.e. (7-10 + 0 + 0). 
The projected on-hand goes negative in week 5; 
i.e. It falls below safety stock of 0. Therefore, sf\ 
order must be placed to arrive in week 5. A plan 
order for 20 (order quantity is 20) Is created for 
week 5. The lead time for this part is 2 weeks. The 
replenishment order for 20 parts must be placed' in 
week 3 for the parts to arrive in week 5. The 
projected on-hand calculations begin again. 
The prc^'ected on-hand for 
week 5 Is 17, I.e. (7-10 + 0 + 20); 
week 6 is 7. i.e. (17 - 10 + 0 + 0); 
week 7 is 19. i.e. ( 7 - 8 + 0 + 20). 
The projected on-hand for week 7 wouU go nega- 
tive (-1) if the plan order for 20 was not created. 
The remaining cateulations for the projected on- 
hand are performed the same way. 

Referring again to Rgure 30. at Block 283. the 
pan is checked lor ECN use-up control. If the part 
is to be phased out (replaced) when it is used-up. 
the remaining requirements for this part nnust be 
posted to the substitute part (Block 284). Rgure 34 
shows this example. Part 01B18 Part-F is under 
control of ECN 456 - use-up to be replaced by 
O1BI5 Part-E. The first time the projected on-hand 
goes negative (-3) for this part (Part-F) is week 5 
(Block 285). The remaining requirements for week 
5 (-3) and alt future requirements for this part are 
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posted to the replacement part (01B15 Part-E) at 
Block 286. The replacement part is at least one 
planning level tower than the current planning level. 
This insures thai the remaining requirements for 
this part are included in the requirements for the 5 
replacement part. This technique is used for plan- 
ning purposes only. The ECN will go into effect 
when the last part is actually issued from spares. 

The last hinction performed *in the spare part 
planning cycle is the Buyer Reoommendetion ro 
(Block 267). Although the system calculates when 
to place an order or to advise the. rescheduling of 
an existing purchase order, the , Buyer is responsl* 
ble for the actual company commitment. The sys* 
tern will not automatically issue or reschedule a is 
purchase order. However, it will be understood by 
those having sldll in the art that the system may be 
configured to automatically issue or reschedule a 
purchase order. 

In the drawings and speciHcation, there have 20 
been disclosed 1 typical preferred embodiments of 
the invention and, although spedHc terms are em> 
ployed, they are used in a generic and descriptive 
sense only and not for purposes of limitation, the 
scope of the invention being set forth in the follow- zs 
ing claims. 

Claims 

t A computer integrated maintenance system for 30 
use with a computer integrated manufacturing 
system, the computer integrated manufacturing 
system including a computer controller for 
controlling a plurality of production complexes 
each of which includes a plurality of production ss 
machines, the manufacturing system computer. 

* ' controller including an electronically stored 
master schedule file having therein a schedule 
of actual production and planned production 
for the plurality of complexes; the manufactur- 40 
ing system computer controller controlling the 
plurality of production machines based upon 
the planned production in the master schedule 
file; said computer iniegrated maintenance 
system compiising: 45 

an electronically stored parts manual, con- 
taining a hierarchical listing of parts in the 
plurality of production machines in the plurality 
of production complexes; and, 

maintenance operations computer comrol- so 
ling means, communicatively connected to 
said electronically stored pans manual and 
adapted to be conrtmunicatively connected to 
the master schedule file, comprising: 

first means for obtaining a schedule of 55 
actual production and planned production lor 
the plurality of complexes from the master 
schedule file; 



second means for identifying parts in the 
hierarchical listing to be maintained during a ' 
predetermined time period, and a correspond- 
ing maintenance time during the predeter- 
mined time period for each identiried part, 
based upon the obt^hed schedule; 

third means for reassigning the oorre* 
spending maintenance times for the identified 
parts, based .-upon ttte hierarchical Gating of 
parts in the electronically stored partd manual, 
to reduce lost production time for each of the 
plurality of complexes; 

fourth means for generating a revised 
schedule of planned productlori based upon 
the reassigned maintenance times for the iden- 
tified parts; and 

fifth means for communicating the revised 
schedule of planned production to the master 
schedule file; 

whereby the plurality of complexes are con- 
trolled based upon the revised schedule of 
planned production to allow for maintenance 
activities while maximizing production. 

2. The computer integrated maintenance system 
of Claim 1 wherein said third means com- 
prises; 

means for detemtining when a complex Is 
inactive, based upon the obtained schedule; 
and. 

means for reassigning the corresponding 
maintenance times for at least some of the 
identified parts to the time when the complex 
including the at least some of the identified 
parts is inactive. 

3. The computer integrated maintenance system 
of Claim 1 wherein said third means comprises 
means for grouping at least some of the cor- 
responding maintenance times for identified 
parts in a complex, to reduce lost production 
time for that complex. 

4. The computer integrated maintenance system 
of Claim 3 wherein said thjrd* means further 
comprises means for identifying a critical part 
to be maintained in a complex ar^d a cor- 

. responding critical maintenance time, and 
means for reassigning at least some of the 
corresponding maintenance limes for other 
parts in the complex to the critical mainten- 
ance time. 
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5. The computer Integrated maintenance system 
of Claim 1 wherein said third means further 
comprises means tor determining manpower 
needed to perform maintenance according to 

the reassigned maintenance times, and means $ 
for further reassigning the reassigned main- 
tenance times to permit maintenance to be 
performed with available manpower. 

6. The computer integrated maintenance system lo 
of Claim 1 wherein eaid electronically stored 
parts manual further includes an end of life 
indicator for selected ones of the production 
machines, the end of life indicator indicating 

that the associated production machine is is 
scheduled to be replaced or modified; and 
wherein said third means comprises means for 
eliminating the corresponding maintenance for 
parts In machines having an associated end of 
life Indicator, to thereby reduce lost production 20 
time. 

7. The computer integrated maintenance system 
of Claim 1 wherein said electronically stored 
parts manual further contains an image file. 2s 
including a corresponding image for parts in . 
the hierarchical listing. 

a The computer integrated maintenance system 
of Oaim 1 wherein said hierarchical listing 30 
comprises a complete bill of materials for each 
complex. 

9. The computer integrated maintenance system 

of Claim 1: as 

wherein th? manufacturing system com- 
puter controller further includes an engineering 
change file having therein a schedule of en- 
gineering changes to be made on the produc- 
tion machines; 40 

wherein said maintenance operations com- 
puter controller is further adapted to be com- 
municatively connected to the engineering 
change file; 

wherein said first means further obtains a 4S 
schedule of engineering changes from the en- 
gineering change lite: and. 

wherein said second means further com- 
prises means tor identifying the parts to be 
maintained and the corresponding mainten- so 
anoe time based upon the obtained schedule 
of actual production and planned production 
and based upon the obtained schedule of en- 
gineering changes. 

ss 

10. The computer integrated maintenance system 
of Claim 1 wherein said third means lurther 
comprises: 



means for accepting an indication that un- 
planned maintenance is pertonned on a broken 
part at a predetermined time; and 

means for reasstgntng at least some of the 
correspomfing maintenance times for identified 
parts in the same compleit as the first part, to 
correspond to said predetermined tirne; 

whereby at (east some planned maintenance is 
rescheduled to occur during unplanned main- 
tenance. 

11. A computer integrated maintenance system for 
use with a computer integrated manufacturing 
system, the computer integreted manufacturing 
syslern including * a computer controller for 
controlling a plurality of production complexes 
each of which includes a plurality of production 
macriines, the manufacturing system computer 
controller Inchiding an electronically stored 
master sct^ule file having thertin a schedule 
of actual production and planned production 
for the plurality of complexes, the manufactur- 
ing system computer controller controlling the 
plurality of production machines based upon 
the planned production in the master schedule 
file, said computer integrated maintenance 
system comprising: 

an electronically stored parts manual, con- 
taining a hierarchical fisting of parts in the 
plurality of production machines In the plurafity 
of production complexes; 

maintenance operations computer control- 
ling means, adapted to be communicatively 
connected to the manufacturing system com- 
puter controller, and communicativety connect- 
ed to the electronically stored parts manual, 
said maintenance operations computer control- 
ling means comprising: 

maintenance schedule management 
. means, for identifying parts In the hierarchical 
listing to be maintained during a predeter- 
mined time period based upon the planned 
production in the master schedule file, and for 
scheduling maintenance activities for the iden- 
tified parts to reduce dismption of production: 

engineering change control management 
means, for integrating engineering change con- 
trol activities into the scheduled maintenance 
activities; 

parts manual management means, for up* 

dating the hierarchical listing in response to 
maintenance activities and engineering change 
control activities: and. 

spares inventory management means, for 
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genBrating requirements to order replacement 
parts for the Identined parts to be available for 
use In the scheduled maintenance activities. 

12. The computer Integrated maintenance system 
of Claim 11 wherein said m^ntenance $ched* 
ute management means further comprises: 

means for acceptirtg an indication that un- 
planned maintenance will M performed during 
s^d predetermined time period; and. 
• means for scheduling maintenance activi- 
ties for the identified parts based upon the 
planned production in the master schedule file 
and the indication of unplanned maintenance, 
to reduce disruption of production. 

13. The computer integrated maintenance system 
of Claim 11 wherein said maintenance sched- 
ule management means identifies parts to be 
maintained during the predetermined time pe- 
riod based I upon one of projected use or the 
elapsed time since last replacement. 

14. The computer integrated maintenance system 
Qf Claim 11 wherein said maintenance sched- 
ule management means minimizes disnjption 
of production by scheduling non<rltical main- 
tenance in a predetermined complex to occur 
concurrently with critical maintenance in the 
predetennined complex. 

15. The computer integrated maintenance system 
of Claim 11 wherein said maintenance sched- 
ule* management means further comprises 
means for scheduling maintenance activities 
for the identified parts to allow scheduled 
maintenance activities to be performed using 
predetermined manpower levels. 

18. The computer integrated maintenance system 
of Claim 11 wherein said hierarchical listing of 
parts In said electronically stored parts manual 
comprises a plurality of parts levels from a 
* lowest level to a highest level, and wherein 
each part in the lowest level is identified as 
being one of a consumable part which Is con- 
sumed by the production process, a replace- 
able part which has an extended life but is 
subject to wear or failure, a generic part which 
is a common part used In large numbers on 
many of the production machines, and a non- 
stocked part which does not normally require 
replacement. 

17. The computer integrated maintenance system 
of Claim 11 wherein said engineering change 
control management means comprises means 
for Integrating engineering change control ac- 



tivities Into the scheduled maintenance activi- 
ties based upon one of a specified engineering 
dmtrol implementation date, consumption of 
spare parts, or a specified maintenance activ 
6 ity. 

18. The computer integrated maintenance system 
of Claim 11 wherein said maintenance sched- 
ule management means further comprises 
10 means for generating a daily maintenance 
schedule to identify maintenance activities to 
be performed each day to reduce disruption of 
production. 

15 19. The computer integrated maintenance system 
of Claim 1 1 further comprising: 

an electronically stored spares Inventory 
file for identifying generic parts used in said 
plurality of production machines and replace- 
so able parts used in said plurality of production 
machines; and 

said spares inventory management means 
further comprising means for generating re- 
quirements to order a generic part when an 
25 inventory quantity falls below a predetermined 
quantity and for identifying requirements to 
order a replacement part to be available for 
use in the scheduled maintenance activities. ' 

30 20. A computer integrated maintenance system for 
a complex including a plurality of machines 
used to perionn a primary function and which 
also require maintenance; said computer in- 
tegrated maintenance system comprising: 

35 an electronically stored parts manual, con- 

taining a hierarchical listing of parts in the 
plurality of machines in the complex: and. 

maintenance operations computer control- 
ling means, communicatively connected to 

40 said electronically stored parts manual com- 
. prising: 

first means for obtaining a schedule of 
actual and planned use for the plurality of 
machines; 

45 

second means for identifying parts in the 
hierarchical listing to be maintained during a 
predetermined time period, and a correspond- 
ing maintenance time during the predeter- 
50 . mined time period for each identified part, 
based upon the obtained schedule; 

third means lor reassigning the cone- 
spondlng malnter\ance times for the Identified 
95 parts, based upon the hierarchical listing of 
parts in the electror^caliy stored parts manual, 
to reduce lost .use time for the complex; and 
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fourth means for generating a revised 
schedule of planned use based upon the reas- 
signed maintenance times tor the identified 
parts; 

whereby use of the complex may be contioHed 
based upon the revised schedule ol planned 
use to allow for maintenance activities. 

21. The computer integrated maintenance system 
of Claim 20 wherein said third means com- 
prises; 

means for determining when a rnochino is 
inactive, based upon the obtained schodulo: 
and. 

means for reassigning the corresponding 
maintenance times for at least some of the 
identified parts to the lime when the machine 
including the at least some of the identified 
parts is inactive. 

22. The computer integrated maintenance system 
of Claim 20 wherein said third means com- 
prises means tor grouping at least some of the 
corresponding maintenance tmes tor identified 
parts in a machine, to reduce lost use time for 
that machine. 

23. The computer integrated maintenance system 
of Claim 20 wherein said third means further 
comprises means for identifying a critical pan 
to be maintained in a machine and a cor* 
responding, critical maintenance time, and 
means for reassigning at least some of the 
corresponding maintenance times for other 
parts in the machine to the critical mainten- 
^ce time. 

24. The computer Integrated maintenance system 
of Claim 20 wherein said third means further 
comprises means for determining manpower 
needed to perform maintenance according to 
the reassigned maintenance times, and means 
for further reassigning the reassigned main- 
tenance times to permit maintenance to be 
perfomned with available manpower. 

25. The computer integrated maintenance system 
of Claim 20 wherein said electronically stored 
parts manual further includes an end of lite 
indicator for selected ones of the machines, 
the end of life indicator Indicating that the 
associated machine is scheduled to be re- 
placed or modified; and wherein said third 
means comprises means for eliminating the 
corresponding maintenance for parts In ma- 
chines having an associated end of life indica- 
tor, to thereby reduce lost use time. . 



26. The computer integrated maintenance system 
of Claim 20 wherein said electronically stored 
parts manual further contains an image file, 
including a corresponding image for parts in 

ft the hierarchical listing. 

27. The computer integrated maintenante system 
of Claim 20 wherein said hierarchical Gsting 
comprises a complete bill of materials for each 

10 machine. 

28^ The computer integrated maintenance system 
of Claim 20 wherein said maintenance oper- 
ations computer controller further comprises: 
15 fifth means for generating a list of the 

tdentifted parts. 10 facilitate ordering of the 
identified parts. 

29. The tomputer Integrated maintenance system 
K of Claim 20 further comprising ,an engineering 

change file having therein a schedule ol en- 
Oineering changes to be made on the ma- 
chines; 

wherein sdid maintenance operations com- 
K puter controller is communicatively connected 
to the engineering change file; 

wherein said .first means further obtains a 
schedule of engineering changes from the en- 
gineering change file; and. 
30 wherein said second means further com- 

prises means for identifying the parts to be 
maintained and the corresponding mainten- 
ance time based upon the obtained schedule 

ju. of actual and planned use and based upon the 

35 obtained schedule of engineering changes. 

30. The computer integrated maintenance system 
of Claim 20 wherein said third means further 
comprises; 

40 means for accepting an indication that un- 

planned maintenance is performed on a broken 
pari at a predetermined time; and 

means for reassigning at least some of the 
corresponding maintenance times for identified 

45 parts in the same machine as the first part, to 
correspond to said predetermined time; 

whereby at least some planned maintenance is 
rescheduled to occur during unplanned main- 
90 tenance. 



S5 



27 



eMSOOCIO: <EP 04673S7A2J.» 



EP0 467 257 A2 



INTELLIGENT COMPUTER INTEGRATED MAINTENANCE SYSTEM 

•2 



MAINTENANCE OPERATIONS COMPUTER CONTROLLER 



4 



MAINTENANCE 
SCHEDULE 

MANAGEMENT 
SUBSYSTEM 



ENGINEERING 
CHANGE 
CONTROL 

MANAGEMENT 

SUBSYSTEM 



PARTS 
MANUAL 
MANAGEMENT 
SUBSYSTEM 



SPARES 

INVENTORY 
MANAGEMENT 
SUBSYSTEM 




MASTER 
MAINTENANCE 
SCHEDULE 
FILE 




PARTS 
MANUAL 
FILE 



8 




SPARES 
INVENTORY 
FILE 



10 



COMPUTER INTEGRATED 
MANUFACTURING SYSTEM 



15A^ ^ 



11 



12 



MANUFACTURING 
OPERATIONS 
CONTRaLER 




13 



ENGINEERING 
CHANGE 
CONTRa 
FILE 





MASTER 
PRODUCTION 
SCHEDULE 
FILE 



15N 



COMPLEX A 



PRODUCTION MACHINE 



PRODUCTION MACHINE 



PRODUCTION M ACHINE 
\ 



PRODUCTION MACHINE 



14A 



14N 



COMPLEX N 
j PRODUCTION MACHINE | 



16A- 
16N- 



FI6.1 



I 



PRODUCTION MACHINE! 



PRODUCTION MACHINE 



^ PRODUCTION MACHINE 



28 



EP0 467 257 A2 



WEEK 





1 


2 


3 


A • . 


. . 25 


26 


27 


28 . 




















11 AKI Li Al IDC 

MAN nUUno 








A 




O 


■I 




MALnliMt liUUKo 






2 


0 


n 
c 


A 
*♦ 


1 




LJ^^AGP DFPFNDENT 


















fPROON ) 


















MAN HOURS 


8 


3 


1 


8 


2 


4 


2 


3 




4 


2 


] 


4 


2 


3 


2 


3 




















MAIN nv^ur\o 


3 


2 - 












1 
1 


MArWINF HOURS 


3 


3 ■ 




5 




•10' 


2 


1 


TOTAL CAPAQTY 


















REQUIRED 


















MAN HOURS 


n 


5 


6 


17 


4 


20 


10 


6 


MACHINE HOURS 


7 


5 


3 


12 


4 


17 


5 


6 


HOURS AVAILABLE* 


















MAN HOURS 


10 


10 


10 


10 


10 


10 


10 


10 


MACHINE HOURS 


10 


10 


10 


10 


10 


10 


10 


10 


CAPACITY REMAINING 


















MAN HOURS 


-1 


5 


4 


-7 


6 


-10 




4 


MACHINE HOURS 


3 


5 


7 


-2 


6 


-7 


5 


. 4 • 


RESCHEDULED HOURS 


















MAN HOURS 


4(b)4l 






6(d) 






4(e) 


MACHINE HOURS 




2i 


u 




6(0 




Kg) 





♦ TOTAL HOURS - 40% RESERVED FOR UNPLANNED MAINTENANCE 
RESCHEDULING OPERATIONS 

(o) 4 HOURS OF MANHOUR CAPACITY SHORTAGE IN WEEK 4 WERE 
MOVED TO WEEK 3. 

(b) 1 HOUR OF MANHOUR CAPACITY SHORTAGE IN WEEK 1 WAS 
MOVED TO WEEK 2. ALONG WITH THE REMAINING HOURS OF 
SHORTAGE FROM WEEK 4. 

(c) 2 HOURS OF MACHINE HOUR SHORTAGE WAS MOVED FROM 
WEEK 4 TO WEEK 3. 

(d) 6 HOURS OF MANHOUR CAPACITY SHORTAGE IN WEEK 26 
WERE MOVED TO WEEK 25. 

(e) 4 HOURS OF MANHOUR CAPACITY SHORTAGE IN WEEK 26 
WERE MOVED TO WEEK 28. 

(f) 6 HOURS OF MACHINE HOUR CAPACITY SHORTAGE IN WEEK 
26 WERE MOVED TO WEEK 25. 

(g) 1 HOUR OF THE MACHINE HOUR CAPACITY SHORTAGE IN 
WEEK 26 WAS MOVED TO WEEK 27. 

FIG. 2 



29 



EP0467 257A2 



COMPLEX 
86-4A-1 
I 



COMSUMABLES 












• DVE 

• CUTTING BLADES 

• _£ 



SEC-1 



iFiiJERl 



SEC- 2 



1 



SEC-3 



1 



I SEC-ST I |SEC-149||SEC-124| 

•DISTRIBUTOR : : 
•RING -NUT 

• GASKET 
•PLUG- STOPPER 

.•BEARING 
•GEAR 

•SHAFT . - c 

•FAN -OUT: 4/15/89 ECC #1231 

•FAN REPLACEMENT -IN: 4/15/89 ECC tfl23j 

• SCREW 
•BLOT 

• WASHER 

• FRAME . _ 
•FRAME PANEL 
•DOOR . . 



f1G.3 



ENGINEERING 
CHANGE 
CONTROL 



ENGINEERING CHANGE 
CONTROL 




PARTS MANUAL FILE 


COMPLEX PART ECC IMPLEMENTED 


NO. STATUS 
123 CLOSED 




86-4A-1 A DEL ♦ 
86-4A-1 B ADD 



MAINTENANCE REQUEST 




SPARE PARTS ISSUE 


COMPLETE 


PART COMPLEX 
B 86-4A-1 





FI6.4 



30 



EP0467 257A2 



MAINTENANCE SCHEDULE MANAGEMENT SUBSYSTEM 




LONG RANGE 
MAINTENANCE 
PLANNING 






♦ 


YEARLY 
MAINTENANCE 
PLANNING 






i 


&AILY 
MAINTENANCE 
SCHEDULING 






J 



13- 









MASTER 




MASTER 


PRODUCTION 




MAINTENANCE 


SCHEDULE 




SCHEDULE 


FILE 1 




1 OLE 1 



FIG. 5 



BMsnnnin: <ep 04a725rA2 1 > 



31 



EP0467 2S7A2 



( LONG RANGE MAINTENANCE PLANNING; 



OBTAIN STRATEGIC 
BUSINESS PLAN 



1 



-20 



-25 



OBTAIN CURRENT 
COMPLEX CAPAOTY 




MATCH PRODUCTION 
REQUIREMENTS TO 
CAPACITY 



CAPAg-TY CONSTRAINTS! 



y-36 



EXCESS CAPACITY 
AVAILABLE 




INCREASE MACHINE 
UTILIZATION 




ADDITIONAL CAPACITY 
REQUIRED 



-37 



COMPARE REQUIRED 
CAPACITY TO EXCESS 
AVAILABLE CAPACITY 

\ 



MODIFIED MACHINE 
CAPACITY 



T 



F!6,6 



CREATE MAINTENANCE 
REQUESTS 



/•38 
y-39 



32 



EP0467 2$7A2 



{ YEARLY MAINTENA NCE PLANNING^ 

I J-'' 

OBTAIN RS FILE ■ \ 
L /-42 



READ MEASUREMENT LEGENDS 
IN RS FILE 



I 



EXTRACT TIME DEPENDENT 
MAINTENANCE E VENTS 
I 



V 



43 



GENERATE TIME DEPENDENT 
MAINTEN ANCE REQUESTS 

« ■ 



V 



44 



OBTAIN ANY G ENERATED MIC MR 'sj^ 
* 



MACHINE MODIFI CATION MR 



45 
46 



GROUP MR's B Y COMPLEX 
I 



REASSIGN MR's TO MINIMIZE 
LOST PRODUCTION TIME 



I 



ACTUAL PRODUCTION HOURS^ 
I 



POST TO COMPLEX ACTUAL HOURS] 



RESERVE COMPLEX CAPACITY 
FOR PLANNED MR's 



1 

TO FIG. 7B. 



FIG.7A 



33 



EP0467 257A2 



FROM HG. 7A. 



PRODUCTION' 
REQUIREMENTS 
' I 




RESCHEDULE MR's TO MEET 
PRODUCTION DEMAND 



NOlRESCHEOULEl 

/REQUIRED?^ 



60 



59 



62-^ 



NEW MR FILE \ 
^ 



^ D^-v I OBTAIN WORK PLANS I 

> lYES A T 
lUPDATE MR DATESi ^EXTRACT MAN HOURS | 



63- 



T 



^ EXTRACTED HOURS 1 
64-\ ' 2 



65 



OBTAIN MAN HOURS AVAI LABLE ^ 

t 

OBTAIN PRODUCTION SCHEDULE j 



I 



RESCHEDULE 

I 



NEW MAINTENANCE 
SCHEDULE 



LZ 



68 



NEW PRODUCTION 
SCHEDULE 



FI6JB 



34 



I 



EP04S7 257A2 



81 



-48 



REASSIGN MR's TO MINIMIZE 
LOST PRODUCTION TIME 




GROUP MR s BY DATE| 
\ 



EXAMINE EACH MR tO DETERMINE 
IF IT CAN BE RESCHEDULED- 



YES (ALL MR's 
LEXAMINED'I 



ANY MR WITHIN 
PRESCRIBED DAYS/ ^ 
WEEKS OF CRITICAL 

MR? ^.^^ /■85 



CALCULATE TEMP DATE \- 



EXAMINE MR's FOR 
ADDITIONAL RESCHEDULING 




UPDATE MR DATESk^ 

— 



88 



FI6.7C 



RNJWr.lft <ep 0457257A2 I » 



35 



EP04e7 257 A2 



CO 



Z 

o 



3 
O 

a. 



a 



CM 



CM 



CM 



in 



o 



T « n " 



oo 




§ 



CM 

-I: 



I 



to 



4. 



2 



36 



EP0467 257A2 



C9 

i 



O 

s 

a. 



§ 



i 

8 



00 




n 


few 


A 




CL 


f ^ 


Ute 


A 
mmm 






A 








m 










in 






0. 




0. 


OL 




i 


Ob 




to 




CL 




CL 


CM 




a. 


a. 
































i 


§ 




§ 


§ 


§ 


g 






CM 






CM 





to fc w 
Ki a,ui 



in 


m 




to 


to 


1A-1 


1A-2 






ro 
1 

;^ 


i 


iS 

S3 


S 


UR4-RS 


MR5-RS 




I II U 



i 



m 

CO 

d 



37 



EP0467257A2 



I 

Q. 

1 



SO 
















Q. 


a. 


d. 




flu 




to 






Q. 








m 




?/!^ 


Q- 




a. 


o. 




i 

y 








a. 


a. 




Ol 


CM 
2 


OL 


Q. 


a. 


2 


M 


Q. 


d. 


a. 


0. 




a. 




Q. 




Q. 


Q. 


o. 


a. 


i 












s 




5 


CM 


lO 




CM 






mm 



m 



UJ z 

S CD 
CD 2 
3g <0 O 

8p" 

vr 
in 



6 




S *- C«l »? 'T- CM 



8 


























to 










If) 


lO 




tn 


to 




1A-1 


1A-2 




1 

;^ 




1A-1 


tA-2 


1A-3 


3A-1 




to 
1 


1 

§ 


OUJ 

h 


22 

i 


MR4-RS 


MR5-RS 


MR6-PM 


MR7-PM 


MR8-PM 


MR9-PM 


MR10-PM 


MR11-PM 



o 

00 

o 



DISOOCIO: «EPL^04872S7A2J.> 



38 



EP0 467 257 A2 



00 




Q. 












Q. 




a. 


i 


f 




CO 






o. 




i 




in 


','4 

'Si 


k 


a. 




ex. 


GL 




m 


a. 






Q. 


a. 




a. 


CM 


a. 




Q. 






o. 


OL 


o. 




Q. 


Ol 




Q. 


O. 


o. 




(k 




i 




§ 








§ 




: 1A-1 


1A-2 


lA-3 




CM 





e 
5s 



IsgS o — 

Tun" gT 7 



1 



1 



00 

o 



8 




CO 
1*K 



I 



to 



CO 



to 



in 



a. 
I 

CO 
2 



CM 



Q. 
I 



CO 

V3L 



I 

GO 



CL 
I 



CM 



Q. 



CO 



I 



o. 
I 



39 



EP0467257A2 



Cdaily maintenance scheduungj 



VISUAL INSPECTION 



ELECTRONIC SENSING DEViCESi 



73- 



DIAGNOSTIC 
KNOVM-EDGE BASE 



77 



NEW MAINTENANCE 
SCHEDULE 
(BLOCK 67. FIGURE 7) 



1 




CREATE DAILY COMPLEX 
SCHEDULE (PROD k MAINT) 

89 



90 



GATHER WEEKLY PRODUCTION It 
MAIN TENANCE ORDERS 
\ 



ASSIGN SPECIAL PRODUCTION ORDERS 
TO FIRST OF \NEEK: CALCULATE RUM PRIORITY 

I 



91 



92 
93 



SORT BY NEW PRIORITY DATE I 




^SCHEDULE SPECIAL PRODUCTION ORDERS | 



^SCHEDULE SPECIFIC MAINTENANCE REQUEST | 

I 

S^'X Icrurninr oruAiMiKir uAiKtrrKiAKirr 



SCHEDULE REMAINING MAINTENANCE 
REQUESTS TO MINIMIZE DOWNTIME 



Ft6.9 



BNSOOOO: <EP^O<872S7A2.l.> 



40 



EP04672S7A2 



















UJ 




K ^ 






Of 






r- E 






& 0 












0 


«j 4/1 




0 


0 


< 








0 




z 






< 


0 4J 


oo: 


2: 




UUi 




C 




to 


r> 




fr- 




<cz 


ee 


T- C 


cr u 


< 






a. 




«z ocz 






QCUiO Q£ 


0 




Ul^ h> ill 0 ^ 


UJ 


IS, U 


^ U QC X U4 U 




s0 m 


<<<OU< 


< 


0. 


Z CL 0 tt UJ GL 


s: 






0 






H- 






=> 


1. a; 


r-l CM fO ^ in *D 


< 


OiO 














1 K 1 1 1 1 










u. v> 





>- 

< 



CO 



o 
z 



< 



< 

u. 
o 



(J 
I/) 



Ul 

X 



O-J 
Z CD 



3t < 



_ O ««i 
00 U 



^ OUJ 



IXXO 
•JlZUiUJH 
CD 
< 

ro • 

rO I 

> u. u. U.iO 

<b.Q. o»s 




41 



EP0467 257A2 















































w 


UJ 
















a> 




>• 




































a. 


ro O ^ 








I . J 










E cr 




CL 
















O HI 




i/) 




UJ 


f 




CQ 


I 


< 


(J ^ 


4 111 

O cnh- 






111 


g 




5r <^ ^ 


CB 












2 




111 "r^ 1 

lAJ 






< 


^ h- OC O 






CJ 






</) 00 




< 




o CJ o in to iaj 

w« tifc IM 






(/) 


O ^ 


UJ 


^ X S! 


t/) 




o 


LlI 111 


o 






^ >* 




^» LtJ 






1 


2^ QC i/i /_j ^ 


z 






1 1 i 










o ui cr OC o (/) 








< UI n 




U. 3 U) 






CM 


OC 0^ t/> O O 1- 3 


</) 




Ul^ 






o < 


z 


QC 




ouui HKoeo 






X u. 


OC UJ UI 


o 


-J 


< 






h- UJ M o. O U < 111 




(/) 


u. 






UJ ^3 




a. 


c 


oc/)oci-«ujujoz 


•J 


>- 


SCO 


u. c/> 


UJ 


O »^ Ui 








ui a: OC «/) <A < 


< 


UI 


O CD 


zo< 




< CD Z 




o. 


Ui 








XO 




< 




UJ 


UJ 






oe 




(A J 


>• 


X 


INN Ui>- 


:-j 






UI UJ Z O UI 


UI 


u. 




-JZ< 






UJ 


< 




ZU.«^O^i-iUJa^O 




o. 




>-»0C -J 












< 1 UJ<3'^Z(/> 


< 




O-H 


O Ql 




z 




O 




OCZUiUJUJUJ«-^M 




UI 


-J 




o 


•-^ CL UI 


o 










«J 


UIX 


UIUIi-l 


z 


oe xa. 








u. 


CD 


XUI 


oar o 


l/> 


Ol UJCn 




< 






o 


< 










» 




Oi/h 














X 






OOO OOOOiM 


-J 
















Ur- 






< 








»*H t-H f-^ 


Ui 




Id 01 
















I/) 






X 1 1 1 1 1 1 1 


CO 












3 




42 



EP 0 467 257 A2 













• * 








K O 






































1 


nil 




d) 












wt 


UJ 




z 




UJ </) 


3 O O O 


< 


UJ 


Z 






ose: 


< OC 


OZOO 




< 


oe < 
















UiC9 


UJ 1/) UJ bJ 








KO ^ O 


< 


•r- C 


UJ< z o 


CJ 


a 


C -r- 




UJ cn o f- u) 




3 . 




^ZOO.Z 


o 

UJ 


4^ 




Ul u. o «-« 










< 




•-^ rs. 


ro LO 9) ^ \D 




a 




^tro^cMO 


O 




ooo^ 


^oo«^o 


1- 




oooo 


ooooo 




>>er 






< 










Oi/) 




U> r>« 9) O 




4^ 


oooo 


ooo^^ 



< 

(/) 
O 

o 

< 



< 

X 



u. (/> 



X I I I I I 



t I 



CD 



UJ 

u 

10 



C/l 

>- 



cape 
< 







< 






1 


z 


>- z 














>- 




5 


CD 




^ 






XO 


>• 


CD 






IxlZ 




X 




Z ^ 




CO 


UJ 




OfH 


Ul v>x 




to 








UJ 










I/O 


< 




< UJ 


CO u.^ 








r> 


Xli. O 


< 




u. 


OCUI 


UIO ^ 




< 


u. 




U) UJ ^ 






O 


u. 


^ UJ CD 


UJ 




19 


zo 


< C9 < ca 






O 




< X 




UJ 






>-X«-HUj 


>- 


-J 




•JZ 


o 


u. 


UJ 






-1 i-o 




uo 




<o 










i-i- 


<nO i^CL 


Ul 


o 


X 


Ul Ul 


•-4 Z X 


a. 




Ul 




O «/) Q. UJ 














• 

X 








^ 




ro 


^ m 






Ul 


u. 


u. u. 


U. U- Uu u. 


u. 




CL 


a CL 


a. CL GLO. 


CL 


o 




o 
o 



43 



EP0 467 257A2 

















K 












' 01 
























. CUi 












E Z 










•J 


o< . 
















1 








u. 










z 












< 














O Ul 


ll 
< 


MJ 






I/) 




X 










••o 


I/) 














u> 




z 


< 


f C 


tJ 








Q. 






3UJXUJ 


Hi LaJ 








< 


UJXiOZ 


>x 


Ui u 


O 


M 








Of 


Ul 




Z 


o< ^< 


<:< 


c>o 


1- 










CO t/> 


< 


to m 












Q. 










o 




in 






CNJGO 


»- 




o 






00 Ol 








CMCMOO 


CM at 


00 o> 


< 


Ol/» 




































«0 O 














1 


1 1 1 1 


1 1 


1 1 



to 



2 

o 



to 



CP 

< 



o z s«o 

-J <UlfiO Uu 



in 

UJ 



oz 



UJUJO 
-J U> UJ 
Ul UJ O 

o<o< 



CO 

xz 

K UJ to 
lO H 

3 10 oc 
<< 
-J a. 

«JX 

•-•UJ . 



• a: .J K 



xui 
ujo 



ttlUJ 

< 



OU.H 
•lUUJ 

a.uj«j 

UJCO to 



CO 
DC 

< 
a 

I 

O 



< 



Ul 
CO 




o 
o 



BNSOCOa <EP^0467357A3J.» 



44 



EP0 487257 A2 



101 
102 
103 



y | MIC DIRECTIVES H 



PLANT ENGINEERING 



SPARES 



EMERGENCY _J 
MAINTENANCE 



104 



PLANNING 
BOM 



109 



T- 



r 



ENGINEERING CHANGE 
CONTROL MANAGEMENT 
SUBSYSTEM 



ADO. CHANGE. DELETE ^ CLOSE ECNI 
CLOSE ECN p 



110 



UPDATE PARTS MANUAL 



I 



'"'"^MOD?"^^ H H update PLANTS P/M | 



108 



111 



■112 



COMPLETE PLANT 
MOOS 



113- 



^ MR COMPLETED FOR 



MIC DIRECTIVES 



IH 



115- 



MR COMPLETED ON 
AN OPEN ECN 



-116 



SPARES 
ISSUE 



MATERIAL USE-UP 
REACHED 



107 



EMERGENCY 
MAINTENANCE 



117 



FIG. It 



PMSTTtiX): «PP 04672S7A2 I > 



45 



EP0467 2S7A2 



W PI 

S UJ 

Si! 



s<=> 



IS! 



»5 1:: S S5 Sg =: :s S ^ $i S 3C 8i K « 8; 8! Si S 5 ^ S 
r = n n =: ;s S! 2 z: r: iS = = s r: r = r: s i:^ 



5 



1 



S Cj pe tl! e SE^ o S S E ^uj S i 



- C\l CU 1 



CL. l9 CU CM i 



CSJ 



;|ji§g|ll§lllllligi 



1^ 



I 

Q. 



^ ^ ^ CM 



%n \n\n\n mviininknintn _ lo lO lo lo 

••••••••••• • 



eNSOOCia «EP_04A72S7A2.I.» 



46 



EP0 467 257 A2 



si 

I SI 



CD 

S2 



SE I S<u<\j S«u S S n SJu fu wfufu JS Rl cu ^ M 2 ^ Si ^ 



i I 

1 i 

s 



I o. otf m 



Si 



5^. 



S o 3 

CTH O ff\J 

I ^ f5 «3 < 



^ (\j cr^ n un o C3 o> 
m lo ^ ru • <*— * <vi in 



to in to m in lo 
oj oj ru cu Ai OJ 



<S<^ SSS e S S S S SS S SS S e S S e S o e e> c3 <9 o e e 



PS! 

o a. I 



I CI 



ininininu^inu^inir>iou->inininu^4nioiou^iriinin^ 



RMQnnr.irv «i:p oia73S7A2 I > 



47 



EP 0467 257 A2 



ro 
C2» 



u 
S 



10 



cr ^ ^ 

|!9 



SS 



<U<\ll3IOCPtScsiH*S»-S!i3CUCUi 



: <4 <B V9 ae 



iag 



o S 



ill siisiis^i^^ 



I 



> CD 



&i » in s ^ 



iiiiiiiliiiiliiiiiiliiliili 



^ •••• • 



48 



EP0 467 257 A2 



E a j 

^ uj ! 



52 



«5 I cuairururu(Vfrvj<vic\jruraruKJcucOrurjojc5£irucj^ rocvi 



ilii 



5^1 



igillligii^ciiiiiilii 



iii 

-» ^ er^ 



SS25S RSS22 S 

ca e e O ^ 00000 " 

8m«r«r-4 oj — nj cn 
orvioovAooooin 



C7> g g ^ ^ o> g ^ ^ c> o 09 <j> ro o> cr> >o o w 

cQ KS Kj ? Sj €\j 



2 I ^ ^ --^ cu cu S 2* SS* iy Ctf !>i £2 C G S S 

»ui I c^oc»oc»oc^c»oooc^oc^ooooooooo 

<v» >- ca f 

|gei — 

O 

2 d ! in ir» in in 10 in ui lo in in in un in in i/^ »^ 

IP »i • 

If" I •••••«■•«>>•••••*•*••* 



49 



EP 0467 257 A2 




mSOOaOt <EP^0487357A2.I.» 



50 



4 



EP0467257A2 



9=» 

- i 



I 



CD 



8 



• X 



1 

u. 
o 

d 
m 

Q 



i 



I CU I 



Ml 



UJ t9 UJ 



5 








C9 


ON 






CU 




1 












1X1 



9% in 



o 



5Si 



i ^1 



ininioiouitou^inininioininininioinininiointoir^u^u^u^ini^ 



^ISOOCIO: «CP O407257A2J.> 



51 



EP04S7 257A2 




BNSOOCIO:<EP^0487257A2J.> 52 



EP0467257A2 



^ QUI 



3 as 



Q o r*> CI CO CO <*) ro co o ro co , 



0 © . © 



5» 



so 
00 



0£ 



2» 



in 



rsiH- OD OS r** p% oo rvi crj vg 



>^ h- I— I— 
GL. Ou CU CL O. O. 



^ CO <^ «D r«*. *<« 
0Q n OQ n n z 



oa uj n: 
I I T I I 

flu Q. Qu Gu a. 



oj in CO ^ 



BNSOOCtQ: «EP 04672S7A2.I_> 



53 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defects in the images include but are not limited to the items checked: 

^ BLACK BORDERS 

^^IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

^ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems S 
the IFW Image Problem Mailbox. 



